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COMPETITIVE RELATIONSHIPS BETWEEN SUGAR AND CORN SWEETENERS

By Paillip E, Jones and F, G, Thomason

SWMMARY AND CONCLUSIONS

 Competition among sweeteners is keenest between sugar and the two
primary corn sweeteners: dextrose and corn sirup., There is also some
competition between dextrose and corn sirup as well as between dry sugar
and liquid sugar. In recent years, the dry form of corn sirup (corn
sirup solids) has become increasingly important as a competitor with
sugar and with dextrose and the conventional form of corn sirup, Con-
sumption of the predominant sweetener, sugar, in 1950 was 7 times as
large as that of the corn sweeteners combined; in 1935-39 it was 10 times
as large, Other sweeteners such as honey, maple sugar and sirup, molasses,
sugarcane sirup, refiners! sirup and sorgo sirup (now representing about
3 percent of total sweetener distribution) are used primarily to impart
flavor and other special characteristics to the finished product,

‘United States supplies of sugar are obtained largely from domestically
produced sugar beets and sugareane, and from imports from Cuba and the
Philippines. The annual quantity of sugar available for consumption dur-
ing the prewar period of 1935-39 averaged 127.,2 million 100-pound units;
during 1950, the quantity equaled 148 million units, of which 10 million
was ligquid sugar, .

Dextrose and corn sirup supplies are obtained almost entirely from
corn produced and processed domestically, The average corn grind for
domestic use averaged 65,9 million bushels during 1935-39, exceeded
133 million bushels during 1947 and in 1950 equaled 126 million bushels.
During the prewar years 1955-39, dextrose and corn sirup sales averaged
2.4 and 10,3 million 100-pound units, respectively. The war year 1942,
when the use of sugar was restricted, sew a rise of dextrose and corn
sirup sales to 6,1 and 20,1 million units, respectively, Dextrose sales
have maintained their trend and reached 7,3 million units in 1950, while
corn sirup sales experienced a sharp decrease after the discontinuance
of rationing and in 1950 totaled 14,8 million units,

Per capita consumption of the three primary sweeteners (sugar,
dextrose, and corn sirup) has increased 4 percent since the prewar period.
Per capita consumption of the predominant sweetener, sugar, is about the
same as in the prewar period, whereas that of corn sirup has increased
almost one-fourth and dextrose consumption has more than doubled,

The use of corn sweeteners has been accelerated by the trend toward
industrial manufacture of processed food products formerly produced in
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the home, The extent of this trend is indicated by the fact that
industrial usage of sweeteners has more than doubled in the last

15 years, while population has increased only 19 percent, Food pro-
cessing industries used less than a third of the sugar distributed in
the United States prior to World War II but they now use slightly more
than one-half, The housewife uses sugar almost exclusively in her
cooking, baking, and canning while many industrial feod processors use
a combination of sugar and one or more of the corn sweeteners,

Except for the war years, sugar has represented about three-fourths
of total sweeteners used by industry as a whole, The stability of this
ratio, however, is not a significant measure of the competitive relation-
ship between sugar and other sweeteners. There has been no change in
the pattern of sweetener usage in the confectionery industry and beverage
‘manufacturers have reduced slightly the use of corn sweeteners relative
to sugar, but significant increases in the relative use of corn sweet-
eners have occurred in the baking, ice cream and canning industries,

The confectionery and baking industries, which used corn sweeteners more
extensively than the others in the prewar period, have not experienced

as much business expansion as the others since that time, This situation
accounts for the fact that the relative use of corn sweeteners by indus-
try as a whole has not increased despite the signifioant increase in
such usage by a majority of the mdustries.

The increase from 13 to 21 percent in the ratio of corn sweeteners
to the total in the baking industry is due largely to replacement of
sugar with dextrose in breadmaking, Many bakers reported that bread
‘made with dextrose compares favorably with that made with sugar., It was
also reported to be possible to substitute dextrose for sugar more com-
pletely in bread than in any other food product.

The increase in the use of com sweeteners in the ice cream industry
~ from 3 to 10 percent of total sweetener usage appears %o be " the result of
a growing acceptance by many in the industry that quality ice cream can
be produced at lower cost with a combination of sugar and corn sweetener,
with up to 25 percent of the latter being used, The increase alsc has
been associated with the growth in relative importance of sherbets and
ices within the industry, The usage of dextrose and high-conversion
corn sirup is relatively greater in these products than in ice er

because most manufacturers believe a superior product is obtained by
using a combination of sugar and one of the corn sweeteners,

The increase of corn sweetener usage from 5 to 12 percent of total
sweetener usage in the canning and preserving industry has, in large part,
been an outgrowth of research which indicated that use of a combination
of sugar and corn sweeteners was desirable to exercise control over degree
of sweetness and over-crystallization, and to bring out natural fruit
flavors.

The decline since the prewar period in use of corn sweeteners in the
beverage industry from 9 to 7 percent of total sweeteners is accounted
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for by the relatively larger expansion in the production of soft drinks
than of alcoholic beverages. Sugar represents a much larger proportion
of total sweetener in soft drinks than in alcoholic beverages.

The major factors considered by a food processor in determining
sweetener usage are differences in physical and chemical properties of
various sweeteners, their relative prices, and restrictions imposed by
Federal and State regulations and, to a lesser extent, advertising and
sales programs, in-plant handling problems, consumer preference, and
psychological factors,

The most important physical and chemical properties considered by
a processor are: (1) relative sweetness; (2) flavor; (3) hygroscopicity;
(4) solubility and crystallization characteristics; (5) density of liquid
sweeteners and moisture content of solid sweeteners; (6) molecular weight,
osmotic pressure and freezing point depression, and (7) fermentation and
preservative properties, Sweeteners vary considerably with respect to
these properties., Requirements also vary widely, according to the quali-
ties desired in particular products,

Price differentials among the various sweeteners influence a food
processor's choice, though often a price advantage is out-weighed by
qualitative considerations, such as the physical properties mentioned
above. There is a general, though not constant, price relationship
between sugar and other sweeteners, Liquid sugar on a solids basis is
priced at a small differential under granulated, but freight rates on
liquid sugar tend to offset the price advantage for processorsnot located
close to refineries, Dextrose prices are geared to sugar prices, with
a favorable differential usually of about 18 or 19 percent, Corn sirup
prices are geared primarily to the net cost of corn to the wet miller,
though sugar prices set an upper limit on them, Because of differences
in solids content and relative sweetness of corn sweeteners compared
with sugar, the price difference per unit tends to overstate the savings
which might result from replacing sugar with corn sweeteners,

Sweetener use in the manufacture of processed foods has been in-
creasingly influenced for many years by both Federal and State regula-
tions, At first these regulations leaned heavily in favor of sugar as
an exclusive sweetener, Progressive revisions of these standards have
generally been toward allowance of a much broader range of sweeteners.
Apparent limitations on the use of corn sweeteners are generally well
within the accepted practices of the food processing industries, although
regulations governing the use of corn sirup tend to be more restrictive
than those prescribed for dextrose,

The two types of Federal standards affecting the type or amount of
sweetener used in food products are those of the Food and Drug Adminis-
tration of the Federal Security Agency and those of the U, S. Depart-
ment of Agriculture. Federal standards are now effective for canned
fruits, canned vegetables, preserves, jams and jellies, fruit butters, .
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cocoa and chocolate, and sweetened condensed milk, In addition, standards
have been proposed for frozen fruits, frozen desserts (ice cream), and
bread, State regulations generally affect sweetener use in ice cream and
soft drinks, which are as yet not covered by Federal standards.

During the past 4 years there has been a steady increase in the
amount of sugar sold in liquid form, although liquid sugar in 1950 still
represented only 6,7 percent of the total sugar distributed, The shift
to liquid sugar usage has been occurring chiefly in locations near
refineries, involving low freight charges, notably among large-scale
manufacturers whose volume is such that savings on the lower cost in-
gredient and lower in-plant handling costs more than offset the cost of
installing the equipment for handling it. Partly because of the con-
venience of mixing two liquid sweeteners together, processors who have
shifted from dry to liquid sugar also tend to shift from dextrose to
corn sirup insofar as qQualitative considerations permit,

FUTURE TREND IN USAGE OF CORN SWEETENERS

With the notable exception of the use of dextrose in bread baking,
corn’ sweeteners are rarely used alone, but are used in combination with
sugar, Use of corn sweeteners as the sole sweetener is not practical
in most food products because of certain characteristics which would be
imparted to the products as a result of physical or chemical properties
of the corn sweeteners, From 20 to 33 percent of total sweeteners
usually is the maximum propertion represented by corn sweeteners, When
used in these amounts, many food processors believe that their use in
combination with sugar results in a finished product equally as good as
when all sugar is used, and, at the same time, permits a lowering of
ingredient costs,

Future trends in the over-all competitive relationship between
sugar and corn sweeteners will be affected by the extent to which the
use of sweeteners continues to be diverted from the household to industry
and by the relative growth of the various food processing industries,
but will be determined in more significant degree by the net impact upon
individual industries of the factors influencing food processors! choice
of sweetener, During the past two decades, the importance of these
factors appears to have become fairly well established., It is to be
expected that the upward trend in the use of corn sweeteners will
continue,
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INTRODUCTION

Need for the Study

For several years prior to World War II there was a steady increase
in the production and use of corn sweeteners in the United States., War-
time curtailments in supplies of cane and beet sugar available for our
domestio civilian requirements gave added impetus to this trend. It was
reported that some manufacturers of sugar-containing products who used
corn sweeteners for the first time during the war had found them acceptable
and planned to continue their use after sugar again became readily availe
able in the latter part of 1947, On the other hand, there were some who
believed that the usage of corn sweeteners would be drastically curtailed
after the end of sugar rationing. In addition to the variation in opinions
as to the probable quantitative direction of the postwar shifts in corn
sweotener usage, there was conaiderable difference of opinion relative to
the basic factors influencing the shifts,

A thorough study of the competitive relationships betwsen sugar and
corn sweeteners was considered advisable because of lack of specific in-
formation as to the probable trend in the postwar use of corn sweeteners,
the extent to which sugar was being replaced by corm sweeteners, the
relative importance of the various comn sweeteners in all types of food
products, and the primary factors which affect the choice of sweeteners
for a given use. Accordingly, funds were made available under authority
of the Research and Marketing Act of 1946 to carry out such e study, the
results of which are summarized in this report., It is believed that this
report will provide useful information to those in the sugar and corn
swoetener industries, to menufacturers of products containing either or
both types of sweeteners, and to Federal and Btate agencies responsible
for the formulation of policies affecting their utilization.

Scope and Objectives

This study is confined to an analysis of the competition between
sweeteners used industrially in making bakery products, ice cream, con-
fectionery, soft drinks, and canned, frozen, or preserved foods., It is
estimated that in 1949 approximately 94 percent of the sugar which was
used for the commercial production of sweetened foods was used in these
products. Except for cormn sirup used in blended sirups, even larger
proportions of the corn sweeteners were used in these products. No
attention has been given in this study to the use of sweeteners for
making any of these products in the home, nor to direct household or
resteurant consumption of sugar and corn sirupe While the primary
sweoteners under study here are the various types of sugar and corn
sweeteners, some mention will be made of other sweeteners, such as
molasses and honey, An snalysis is made of how each of the three types
of corn sweeteners--dextrose, corn sirup, and corn sirup 80lids==competes
with sugar, and attention is given to the effect upon this competitive
pattern of utilizing sugar in liquid rather than in orystalline form.
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- The primary objectives of this study are twofold: (1) To determine sta-
tistically the extent of competition between sugar and the corn sweeteners
in the production of processed foods; and (2) to ascertain the principal -
factors governing an industrial user's choice of sweetening agent or agents
in meking a given producte.

Data Used in This Study

In carrying out this study, much pertinent primary and secondary in-
formation has been brought together for analysise Primary deta assembled
include informetion from primary distributors of sugar and dextrose relative
to deliveries of these products according to use=-clessification and data
obtained from surveys of industrial users of sugar and corn sweeteners.
Secondary dete used include production, distribution, and price data assem-
bled from the records of the U. Se Department of Agriculture; technological
research data from both colleges and other research iristitutions, and from
food processors; and information concerning the effect of Federal and State
regulations on the use of sweeteners,

New Reports on Sugar and Dextrose Usage Instituted

Because data were not available on the quentities of sugar and dextrose
currently being used by the various types of industries using these sweet-
eners, a system of voluntary reporting of such information by the primary
distributors of these products was institutede Primary distributors of
dextrose consist of the wet corm milling companies producing this commodity,
while primary distributors of sugar are the cane sugar refiners, beet sugar
processors, and importers of offshore refined and other direct-consumption
sugarse No attempt was made to obtain similar informetion from the
domestic producers of direct-consumption sugars unless such producers
were also refiners, There are from 15 to 20 producers of these types of
sugars in Louisisna and Florida, but they distribute only about 1 percent
of the total United States ennual suger supplies. Primary distributors
supplying information querterly since January 1, 1949, relative to their
deliveries (sales) by types of customer represent 100 percent of the total
dextrose distribution and approximetely 97 percent of total sugar distri=-
bution, Coples of the official reporting forms--SU=64 for sugar and
Grain-288 for dextrose~-are included in the appendix.

In addition to the submission of current information on deliveries
(sales) by types of customers, the manufacturers of corn sweeteners, ceane
suger refiners, beet sugar processors, and sugar importers and brokers
have supplied additional and heretofcre unpublished data relative to sales
by use categories for prior years (1935-48), as well as information on
prices and pricing policiese.

Surveys of Major Sweetener-Using Food Processing Industries

In order to obtain firsthend informatiorn about industrial users!
experiences with sugar and corn sweeteners, personel interviews were held
during the last half of 1948 and the first half of 1949 with representative
manufacturers of sweetener-containing productse These menufacturers were
interrogated as to the type and amount of sweetener then being used and as
to their wartime experiences with modifications in type or percentages of



sweeteners used. They also were asked to indicate the primary factors
affecting their choice of sweetening agent or agents; ineluding the
importance of such factors as price differentials, physical and chemical
properties of the various sweeteners, and Federal and State food regulations.
The individuals contacted were general managers, vice presidents in charge
of production, plant superintendents, or chemists, depending largely on

the type of organization of the company. A total of 718 contacts were made.
However, & much larger number of compenies are represented by these surveys
because of centralized control over sweetening policies in the case of many
soft=-drink manufacturers, bakery orgenizations, and ice=-cream producers.

The 718 interviews made were distributed among manufacturers of the varicus
sweetened products under study herein as follows:

Bakery products e¢ceccecee 108
Canmed fo0d8 ecssececcsss 83
Confec'bionery essecssecsne 138
Ice creeams, sherbets,

8nd iCOS ecevesssssscesce 1256
Frogen fruits eeessccccee 38
Preserves cceccccscccccce 120
Soft drinks eeesessccccee 106

While a large proportion of the surveys were made in cities in which
there is a concentration of sweetener-using industries, some were mede in
other areas to insure adequate geographic coverage. States, o:l'bies, or
areas in which surveys were made include the following:

New England States:

Meine=~Portland.

Messachusetts—--Amherst, Boston, Cambridge, Everett, Hanson, Littleton,
Lynn, Malden, Medford, Nebnasset, Natick, North Andover,
Somerville, South Deerfield, Worcester.

Middle Atlantic States:

New York--East Williamson, Geneva, Ithaca, Manchester, Newark, New York,
Rochester, Sodus, Wolcotte
New Jersey=«lewarke
Permsylvenia--Bethlehem, Biglerville, Henover, Harrisburg, Hershey,
Lencaster, Philadelphia, Pittsburghe

Southern States:

Delaware--Bridgeville.
District of Columbiwme.
Florida=--Ferest City (Orlando), Highlend City, Kissimmee, Lake Alfred,
Lakeland, lLake Wales, Miami, Orlendo, Tempa, Winter Haven.

Georgia--Atlanta, Concord, Griffin, Macon, Zebulon.
Kentucky==Covington, Louisville.
Louisiena=--New Orleens.

954135 0—51———2
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- Marylend--Baltimore, Cambridge, Easton, Greensboro.

Tennessee-~Bells, Chattanooga, Dayton, Knoxville, Nashville, Portlend.

Texas-~Dales, Ft. Worth, Houston.

Virginia--Alexandrie, Charlottesville, Crozet, Fredericksburg, Front
Royal, Richmond, Winchester.

North Central Stetes:

Illinois--Chicago, Evenston.

Iowa~-Bettendorf, Davenport.

Michigan--Benton Harbor, St. Joseph, Traverse City.
Minnesota-~Le Sueur, Minneapolis, St. Paul,

Vissouri--Kensas City, Ste. Louis.

Ohio==Cincinnati.

Wisconsin--Columbus, Madison, Milwaukee, Sturgeon Bay, Sussex.

- Western States:

California--Alameda, Berkeley, Greater Los Angeles, Oaklend, Palo Alto,
Redwood City, San Fremcisco, San Jose, Sunnyvale.

Coloreado-=Denvers

Oregon=-~Corvallis, Gresham, Hillsboro, Portland.

VWashington--Hount Vernon, Seattle, Tacomas

In selecting the firms to be contacted, assistance was solicited
from trade associations representing the producers of sweetener-containing
productss The associations which advised the Department in developing a
representative sample end, in some cases, arranging for interviews, include
the following:

American Bakers Association

Americen Bottlers of Carbonated Bevereages

Assiciated Reteil Bakers of America

‘Association of Cocoa and Chocolste

- Menufacturers of the United States

Canners League of California

Florida Canners Association

Independent Biscuit Meanufacturers
Associetion

International Association of Ice Cream
Manufacturers

National Association of Food Chains

National Association of Frozen Food
Packers

National Canners Association

Nationel Preservers Association

Wisconsin Canners Association
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For each produot under considerstion in this study, an ewtimate has
been made of the percentage of total United States production which is
represented by the companies surveyed. Such estimates are bmsed in part
on the estimates of the above-listed trade associations, and in part on
the proportion of each group's sugar use represented by the compenies
surveyed in each group. Total sugsr use for eech group and usage of
individual compenies was that reported for purposes of establishing
rationing bases under the wartime rationing program.

In arriving at estimates of coverage of en industry by the companies
surveyed, the total production of compenies heving more than one plent is
included if the compeny officiel interviewed determined the sweetener
policy for the entire compenys For example, an entire national organi=
zation of a bread beking firm or ice~cream manufacturer may have been
covered by one interview, Similarly, if a soft-drink concentrate msnu-
facturer either mekes a finished sirup or stipulates the sweetener peltoy
of the frenchised bottlers who add all or a part of the sweetener, the
total volume of production of thet drink is included in arriving at the
proportion of the industry covereds However, if the chain members or
franchise holders make their own individual decisions with regard to
types and amounts of sweeteners, only the production of the firms or
plants surveyed were included in arriving at percentages of coversge.

For the major sweetener-containing products under consideration in this
study, the estimated coverage, as a percemtage of total United States
production of the commodity, arrived at in this manner, is as follows:

Bakery products (total)eseese 40 to 45

Bread Only evesssssscsscece 5O to 60
Canned fo0dS eveescsevcccseee 30 to 36
coanctionery sessssscssescce 45 to 50
Ice cream, sherbets, and

1008 ceececcosenceisnencaces 35 to 40
Frozen fruits ceececscoccsses 58 to 80
Proserves cescececescsecceese 55 to 60
Soft drinks8 secccccccccscsece 70 to 76

The firms whose officials were interviewed were selected to give
adequate coverage of each segment of those industries which inelude
different types of a producte For example, in selecting the confeotionery
manufacturers, oare was taken to include compenies which would give repre=-
sentation to all types of confectionery producte, inoluding oreams, fondants,
hard candy, caramels, nougats, marshmallows, etce Similarly, softedrink
menufacturers were chosen which would give adequate coverage for all the
major types of soft drinks--cole, gingerale, root beer, lemon, lime, etc.
This, of course, is very important in meny industries because the types
eand amounts of acceptable sweeteners vary oonsiderably according to the
particular type, or variety, of a product being produoced.



Interviews with Research Groups

In order to obtain firsthend information from those currently
engaged in research on usege of the various sweeteners in processed
foods, several food technicians and other research workers prominent
in the food processing field were interviewed. Information obtained
through discussions with these technicians has been coordinated with
that received from the commercial food processors in reporting the
ourrent status of competition between sugar and corn sweetenersin the
production of verious produots. Research orgenizations contacted
~ include:

New England Staetes:

University of Massachusetis 7 Arthur D, Little Company
Food Techmology Division Food Chemistry Division
Amherst, Massachusetts Cambridge, Massachusetts

Tressler Research Laboratory
Westport, Connecticut

}Middle Atlantic States:

New York Agricultural Experiment Sugar Research Foundetion
Station 52 Wall Street
Food Techmologicel Research Division New York 5, New York

Geneva, New York
Com Industries Research

Cornell University Foundation

Dairy Industry Department 1329 E Street, N. W,
Ithaca, New York Washington 4, De Ce

Lehigh University Pennsylvania Manufeacturing
Confectionery Research Division Confectioners Association
Bethlehem, Pennsylvania Research Division

Philadelphia, Pennsylvania
Drexel Institute
Home Economics Department National Dairies, Inc.
Philadelphia, Pennsylvania Research Laboratories
Oakdale, Long Island &
N.Y.c.’ New York

Freud Food & Chemicel Lsboratories
New Products Division
New York, New York

Southern States:

Ue Se Departmemt of Agriculture Tennessee Valley Authority
Citrus Products Experiment Station Singleton, Tennessee
Winter Heven, Florida
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Southern States (Cont'd)

United States Department of Agriculture
Production and Marketing Administration
Processed Fruit Inspection Service
Winter Haven, Florida

United States Department of Agriculture

Bureau of Agricultural & Industrial
Chemistry

Southern Regional Research Laboratory

New Orleens, Louisiana

Georgia Agricultural Experiment Station
Food Technology Department

Griffin, Georgia

North Central States:

University of Wiseconsin
Dairy Research Department
Medison, Wisconsin

Dunwoody Industrial Institute
School of Baking

818 Wayzate Blvde

Minneapclis 3, Minnesota

General Mills
Food Techmological Research Division
Minneapolis, Minnesota

Western States:

Oregon State College
Food Industries Division
Corvallis, Oregon

Pniversity of Celifornia
Food Technology Division
Berkeley, Californise

Tennesgee Agricultural Experiment

Station
Food Techmology Division’
Knoxville, Tennessee

Florida Citrus Cormission
Research Division
Lekeland, Florida

National Dairy Council
Tennessee Division
Neshville, Tennessee

American Institute of Baking
Chieago, Illinois

Technical Baking Institute
Chicago, Illinois

We E. long Company
Chieago, Illinois

National Canners Association
Western Laboratory
San Francisco, Californie
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Mnalysis of Influence of Federal and State Reguletions on
Sweetener Usage

Mnglysis has been made of the effect of Federal and selected State
~ regulations upon the type and/or amount of sweetener used. Federal
regulations analyzed include those of the Food and Drug Admimistration
and the United States Department of Agriculture., States for which
regulations concerning sweetener use were studied are California,
Colorado, Georgia, Illinois, Iowa, Louisiena, Massachusetts, Michigen,,
Mississippl, New Hampshire, New Mexico, New York, Ohio, Oregon,
Pernsylvenmia, and Wisconsine

Definition of Sweeteners as Used in this Study

Sugar: A disaccharide, of the chemical formula C12H22011, derived from

~ either sugarcane or sugar beets. As used herein, sugar means cane and
beet sugar in forms commonly suited to humen consumption without further
processing, neamely, refined orystalline, liquid, invert, and other direct-
consumption sugar. Maple sugar and corn sugar are not included in the
term sugar as used herein, : -

Refined crystelline suger: Sugar of principally crystalline character,
produced in a cane sugar refinery or a beet sugar factory. Included

are all grades of refined orystalline ceane and beet sugar, whether

‘white or brown, granulated or powdered, except the other direct=-consumption
sugars described below, '

- Other direct-consumption sugar: Cene suger produced by factories which
mill the sugarcene., These sugars are made directly from the sugarcane,
instead of from raw sugar at a refinery, and are suitable for some uses
without further refining. For the purposes of this study, directecon-
sumption sugar includes such types as "turbinados", "plantation grenuleted™,
and "weshed raws", and not offshore refined sugar as defined in the Sugar
Acte '

 Liquid sugar: Sirups made from ceane and beet sugar. Liquid sugar is
of three principal types: (1) sucrose sirup, i.e., just a solution of
sugar in water, with practically nc Inversion of the sucrose. This
type is sometimes referred to as & "simple sucrose" 8irup or merely as
a "simple" sirup; (2) partially inverted sugar sirups, i.e., products
in which a portion of the sucrose has been "inverted s or converted
‘into dextrose and levulose, either by adding acid and heating or by
the use of the enzyme invertase; and (3) highly inverted sugar sirups,
i.e., products in which a high proportion, or almost all, the sucrose
‘has been converted into dextrose and levulose. Although from 90 to 95
percent of the sucrose may be inverted in this type, the product is
still marketed in liquid form and is to be distinguished from the product
mown as invert sugsr. The term "liquid sugar", while familiar to the
sugar trade, 1s not recognized by the Food and Drug Administration as
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being the commonly used neme for this product under the Food, Drug and
Cosmetic Act, The Food and Drug Administration does not believe that
the consuming public is familiar with this term.

Invert sugar: A sugar which is almost completely inverted, giving equal
parts of dextrose and levulose and little, if any, sucrose. This product
has a greater density then inverted liquid sugar and is congealed by the
crystallization of the dextrose. The levulose does not crystallize but
remains in fluid form, thereby giving to invert sugar a creamy consistency.

Dextrose: A monaesaccharide (CgHyp0g) produced by practically complete
hydrolysis or conversion of starch. Since dextrose historically has
been produced lergely from corn starch, it is commonly called "refined
corn sugers” It often is called merely "corn sugar”, although thers are
types of corn sugar other than dextrose, these being the so-called crude,
or 70° and 80° sugars, which are incompletely refined and used largely
for brewing and non-food products. To the chemist the name "glucose® is
synonymous with "dextrose™, but to the laymen glucose usually means corn
sirup or a glucose-type sirup produced from sorghum, wheat, or potato
starchs Dextrose is of two principal types, hydrate and anhydrous. The
bulk of the dextrose produced is of the hydrate type which contains
approximately 8 percent moisture; the anhydrous type contains less than
0¢5 percent moisture.

Corn sirups A product obtained from corn starch by partial hydrolysis,
clarification, decolorization, end evaporation to sirup density, In
general, there are three commerciel classifications of corn sirup, which
vary according to dextrose equivalent, (DeE.), the total reducing -.gar
content calounlated as dextrose on a dry basis., These three o¢).ssifi-
cations are low, regular or medium, and high conversion, with the D.E.
usually being from gg %0 33 for the low conversion type, from 40 to 43
for the regular conversion type, and from 562 %o 65 for high conversion
sirupss Many people consider the expression "glucose™ synonymous with
corn sirups #nother term used in the trade is CeS.U., meaning "corn
sirup unmixed." .

Corn sirup solids: Essentially a dehydrated corn sirup. Most of the
water in the sirup is removed, thereby permitting it to be packed and
sold in bags.

Molasses: The edible co-product of the menufacture of sugar when some,
but usually not all, of the crystallizable sugar in the sugarcane juice
is removed by the crystallization process. As used in this report, the
term molasses means only the types commonly used for edible purposes.

Sirups: (a) Refiners' sirup--in edible, liquid co=product obtained
when crystalline suger is produced in the process of refining raw
cane sugar. The total soluble solids content of refiners' sirup con=
sists of more then 6 percent of soluble non-sugar solids.
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, (b) Sugarcane sirup, sorgo (soi-grh\m) sirup, and maple sirup--
Sirups produced directly from the plant juice or sap by clarifying and
evaporating only to the point where the sugars do not eryatallize out
-of solutione

{0) Malt sirups and malt extracts--The evaporated extracts of
malted barley, usually supplemented by the use of some corn product.
There are two distinctly different types: Diastetic end non-diastatic,
~the former containing the enzyme diastase, which converts starch to
maltose (malt sugar).

(a) Wheat sirups and potato sirups--Glucose~type sirups mede
from the partial hydrolysis of wheat or potato starche
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SUPPLY, DISTRIBUTION, AND USAGE OF SWEETENERS IN THE UNITED STATES

Sources of Supply for Sugar and Corn Sweeteners

Sugar - United States sugar supplies are obtained largely from sugar beets
grown in the Mid-west, Rocky Mountain States, and the West Coast, from
sugarcene produced in Louisiana eand Florida, and inshipments of sugar from
Hawaii, Puerto Rico, Cuba, end the Philippines. Small amounts of sugar
also are received from the Virgin Islends and from foreign countries other
than Cuba and the Philippines. Since 1934, except during World War 11,
the entry of sugar into the continental United States from foreign areas
and the marketing of sugar by domestio areas has been regulated by a
system of quotas. 5/

Legislation now in effect-=-the Sugar Act of 1948--provides basic
quotas in short tons of raw value for the domestic areas as follows:
Domestic beet area, 1,800,000; mainland csne area (Louisiana and Florida),
600,000; Hawaii, 1,052,0003 Puerto Rico, 910,000; and the Virgin Islands,
6,000, A basic quota of 952,000 short tons of sugar (982,000 short tons,
raw value) also is assigned to the Republic of the Philippines which is
in conformity with a provision to that effect in the Philippine Trade Act
of 1946, The difference in the sum of these basic quotas snd the amount
of sugar determined by the Secretary of Agrioculture to be needed to neet
the sugar requirements of consumers in continental United States for a
specific year is allotted to Cuba and to foreign countries other than
Cuba end the Republic of the Philippines on the basis of 98,64 percent
end 1,36 percent, respectively, In addition, when one area cannot £i11
its quota, the unfilled portion is prorated to other areas which can
supply the sugar. : '

The Sugar Act limits to about 600,000 short tons, raw value, the
portion of the quotas for Hawaii, Puerto Rico, the Philippines, and Cuba,
which may be filled by sugar which is brought into the continental United
States and marketed for direct consumption without further refining or
other improvement in qualitye This sugar may be fully or partially re-
fined or in raw form. The Act also establishes liquid sugar quotas in
terms of wine gallons of 72 percent total sugar content for Cuba and the
Dominican Republic, of 7,970,568 end 830,894, respectively. Such liquid
quotas for Cuba and the Dominicen Republic are in addition %o the other
quotas for these areas. }

Most of the raw sugar entering the continental United States from
offshore domestic areas and from foreign countries is refined in or near
the seaport cities of Boston, New York, Philadelphia, Baltimore, Savannah,
New Orleans, Galveston, end San Francisco. Smaller-scele sugar refineries

Quotas suspended September ll-December 31, 1939 end April 13, 1942-
December 31, 1947, : .
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also are located at Los Angeles, St. Louis, Milwaukee, Chicago, end
Indienapolis., The locations of U. S. sugar refineries operating on
Jenuary 1, 1951 are shown in Figure 1 and are listed in the Appendix.

Raw sugar made from sugarcane produced in Louisiana is refined by
~ the nine refineries located in the State. (These refineries alsoc process
offshore raws.) A few of the raw sugar mills in louisiana produce direct-
consumption types of raw sugar largely a&s a joint produet with the pro-
~duction of edible sugarcane molasses. lMost of the sugarcene grown in
Florida is processed into raw sugar by mills located there. It is then

- shipped to and refined at Savannah, Gas A very small amount of direct-

consumption sugaer made from Florida sugarcane also is marketed by the
Florida mills. Sugar beets grown in the United States are processed in
73 sugar beet factories (1950-61) located in 16 states as shomn in
Figure 1,

Corn Sweeteners = Corn sweeteners are produced by the manufacturers of
corn starche The manufacturing group as a whole is termed the "wet corn
milling industry" because large quentities of water are used in separating
the various parts of the corn kernels, The manufacturers are also identi-
fied as "corn refiners" because the chemical process of deriving dextrose
end corn sirup from corn is essentially a refining process. 3/ The wet
corn milling plants are located principally in the Mid-west near sources
of grain supplies. (See Figure 2)

The principal products of the wet corn milling industry are corn
starch, corn sirup, and corn sugar; the most important by-products are
0il, hydrol (cormnemolasses), feeds, and dextrins, The corn sugars may
be completely or partially refined; the completely-refined sugars are
- called dextrose, and the partially=-refined ones are termed orude sugars,
or "70 and 80 sugars." g/P -

Corn sirup mey be made at different densities and with quite a
veariation in degree of conversion. Most corn sirup is produced at
densities of 42° to 45° Baumb, with the bulk of the production being
at either 42° or 43° 1In terms of degree of conversion, (from starch
to sirup) corn sirups may be of low, regular, or high-conversion types.
Low and regular conversion corn sirups are made with straight acid
conversion, while high=conversion corn sirups may be made either by
that process or by a combination acid-enzyme processs It is estimated
that about three=-fourths of the corn sirup production is of the regular
conversion type, described herein as "regular corn sirup.™ Corn sirup
may also be dried end marketed in a solid form; such & product is kmown
commercially as "corn sirup solids."

5/ The plant at Corpus Christi, Tex. uses grain sorghums rather than corn.
3/ See page 13for explenation of terms.
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Figure l.--Cane sugar refineries and beet sugar factories, United States, 1950-51.
Source: Appendix, Tables 32 and 33.
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Figure 2,-«Location of corn refineries and type of sweetener produced, United States, 1950-51.
Source: Appendix, Table 34.
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Total Sweetener Distribution Domestically

Pre-war Period - Quantity-wise, suger is by far the most important of

all the sweeteners., From 1935 to 1939 annual cane and beet sugar aveil-
able for United States consumption averaged about 1265 million 100=pound
units, as produced. Dextrose distribution during this period averaged
only ebout 2.4 million bagé each year, while ammual sales of corn sirup
were about one billion pounds. Smaller quantities of other sweeteners,
such as maple sugar and sirup, honey, molasses, sugarcene sirups, and
refiners' sirups also were availeble to United States consumers during
these yearse (See Table 1)

World Viar II Controls Period - The amount of sugar available for United
States consumption during the period 1943 through 1946 was reduced con=-
siderably, largely as & result of the loss of supplies from the Philippines,
because of shipping difficulties and because of the need for supplying
other countries with a portion of the totel sugar esvailables On the
other hend, even though corn supplies available to wet corm millers for
grinding were allocated during World War II, the weteprocess grind during
this period was considerably above the 1535-39 level. The wet millers
ground from 60 to 80 million bushels of corn snnually prior tc World

War II. (See Figure 3) The averege grind for domestic use for 1935-39
equaled 65,2 million bushelss During the war years of 1942 end 1943 the
grind for domestic use exceeded 122 million bushels or 186 percent of

the pre-war average. Reductions in corn supplies during 1944, 1945, and
1946 resulted in a reduction in grind to ebout 115 million bushels.

Annual sales of dextrose and corrn sirup followed the general pattern
of the corn grind of the wet milling industry during the wartime yearse
Corn sirup seles reached a peak of over two billion pounds in 1942,
almost double the 1935-39 average; while dextrose sales in 1942 were
2% times the average for the five yeers ending in 1939, (Table 1)

Post=wer Pericd = Total sugar supplies aveilable for United States con=-
sumption after 1946 have exceeded those which preveiled before World
War II and in 1950 equaled more than 148 million bags. With the
resumption of plentiful sugar supplies after World Wer II, the volume
of corn sirup sales dropped sharply. lionthly dete on sales of corn
sirups reveal that sales of this product staried their slide in June of
1947 and continued almost without interruption for about a year; May
1948 sales were only a little more than 89 million pounds, less than
half of those for the corresponding month in 1947, The principal reasons
for the sharp decline in corn si.up sales during this period were the
discontinuance of sugar rationing to industriel users in July 1947, end
the collapse of demend for mixed table sirups during the latter part of
that year. Although corn sirup sales recovered somewhat in late 1948
end early 1949, they were in both years much below 1946-47 levels.
However, corn sirup sales during 1950 were at the rete of 143.5 percent
of the pre-war period of 1935=39, In contrast to the drop in corn sirup
sales with the end of the World War II sugar shortage, totel sgles of
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Figure 3,--Quantity of corn processed for domestic consumption by the
wet-milling industry, United States, 1935-50.

Sources Appendix, Table 41.



Table 1 « QUANTITIES OF SWEETENERS AVAILABLE FOR DOMESTIC CONSUMPTION, UNITED STATES 1935-50
(100 Pound Units, as produced)
Cene Sirup
Corn end Edible Refiners' Maple Maple Sorgo
Year Sugar l/ Dextrose E/ Sirup.J/ Molasses g{' Sirup Sirup Sugar Honey Sirup
19385 125,725,367 1,683,494 9,124,820 3,591,360 294,170 402,160 31,610 1,600,350 2,146,914
1936 128,014,781 2,157,720 11,222,246 3,679,870 283,160 267,190 69,280 1,787,290 1,874,565
1937 126,413,755 2,443,600 10,087,343 3,357,500 276,010 275,550 68,290 1,628,430 1,494,108
1938 126,192,813 2,667,356 10,403,664 3,460,610 292,180 305,140 46,510 2,219,930 1,441,556
1938 126,204,924 3,205,911 10,874,186 3,084,560 123,060 303,160 99,880 1,806,160 1,317,508
1940 125,270,779 3,614,604 10,826,783 3,686,260 189,980 332,310 45,210 2,051,020 1,177,984
1941 140,987,997 65,154,964 12,159,443 2,483,330 282,220 242,990 650,150 2,265,730 1,167,340
1942 122,789,683 6,089,517 20,118,821 3,614,680 710,000 368,610 77,750 1,985,350 1,220,604
1943 118,663,002 65,940,626 17,900,574 3,165,870 1,386,120 292,930 51,340 2,280,620 1,585,584
1044 134,775,792 65,538,814 18,064,48¢ 4,003,860 1,722,370 300,410 44,480 ,135,510 1,370,754
1945 113,598,509 5,682,762 18,267,380 3,307,740 2,531,400 121,330 41,960 . 539,040 1,345,460
1046 105,221,787 §,567,669 17,606,684 5,129,980 1,677,720 168,300 45,790 2,335,510 1,137,675
1947 132,613,944 6,428,897 19,392,133 4,360,320 1,131,920 275,660 43,690 2,476,670 1,178,377
1948 142,468,373 6,121,464 12,945,199 3,046,280 445,360 207,900 64,680 2,044,800 1,137,098
1949 144,482,387 6,462,651 13,712,657 2,157,950 389,810 218,790 73,860 2,354,320 885,308
1960 147,968,578 7,287,324 14,840,945 2,142,170 391,670 266,620 54,410 2,423,530 694,386

‘Sugar ﬁranch. PliA.

net change in invisibles.

Refined and direct-consumption suger, delivored‘weight.
d Forces. 1942-44 includes imports of flavored and colored dirups from Cuba and Mexico.
(See Table 35, p. 174 )

Includes deliveries for
Adjusted for

5/ Reports of corn sugar refiners to Sugar Brench, PMA, Includes 1ntra-company transfers; excludes small
quantities of household-size packages.

g/ Reports of sales by corn refiners to Price-Waterhouse, distributed through Grain Branoh, PMA.

4/ Source: Sugar Branch, PMA., See Table 36, pe 175.



- dextrose in 1949-50 were sbove those prevailing during the wartime period.
- Dextrose sales slumped precipitously during late 1947 (immediately after
- sugar rationing to industrial users wes discontinued) and early 1948, but
“had recovered significently by the summer of 1948. Sales of this sweetener
~during 1950 were 7.3 million bags (100-pound units) or 300.0 percent of '

© the 193539 average.

',1Paf,Caﬁita:Sﬁaetqné:,Usag§ - In Tablefz;’cdmpariéqn is made of the relative

77',,per capita usage of sugar, corn sirup and dextrose from 1935 through 1950,
~ Total primary sweetener usage per capita has increased from 106,68 pounds
- per capita, 1935-39, to 109.6 pounds (dry basis) during 1950, Per capita

dextrose distribution has more then doubled and per capita corn sirup
- distribution has increased from 6.5 pounds to 8.1 pounds (dry basis),
: 1Canaraely,Vperroapita,sugar<distribution'hésrdecreased since the pre-war
- periode Clearly, from the standpoint of the individual consumer, total
- sweetener consumption has increased since the pre~war period. However,
- corn sweeteners have replaced sugar in foods to the extent that per capita
sugar consumption has slightly decreased. The increase in per capita corn
~ sweetener usage is explained by the expanded industrial production of
~ prepared foods containing sweeteners in the past fifteen yearse

. motal Industrial Usage of the Primary Sweeteners

Industry's Share of Total Sugar Distribution - Since the purpose of this

- study is a comparison of the use of sugar and corn sweeteners in processed 7

food products, the relative importance of the principal sweeteners cean be

;iiFEetter,determinedfby excluding from total sweetener usage the quantities

- of sugar used for direct consumptionjby'househplds,"réstaurants, and
institutions. Practically all the dextrose and corn sirup is used in :
~ processed foods. 'Figure 4 presents the relative usage of sugar by industry
~and other users for the years 1935, 1939, and 1950, It is estimated from -
~ Census data available, that in 1935, almost three=fourths of the sugar
consumed in this country was distributed directly to households, restaurants,
and institutions, while in 1939, only two-thirds of the sugar consumed was
~ distributed to this group. During the war, the industrial user became the
~ importent consumer of sugar and remained so after the war, consuming en
estimated 51 percent of all sugar distributed in 1950, : S

~ As shown in Figure 5, of the total volume of sugar delivered for
~domestic consumption in 1950 by primary distributors, approximately 41
percent was delivered directly to vholesale grocers, jobbers, and sugar
- dealers; 16 percent to retail grocers,'chain;stores,'and'super—markets,7
- eand 43 percent to industrial users, hotels, restaurants, and institutions.
~ Almost all of the sugar delivered directly to the retail category is
crystalline sugar in consumer-size packages and moves on to the household
consumer. The balance of household purchases (24 percent) comes from the
~ wholesalers via the retailer, o - N .

- '7f!The—?eréentagefshpwn,for'sugar mb#ing;ffdﬁ'whbiéSalersﬁtoiretéil'
- grocers is exclusive of the quantities of sugar used by the latter in
the manufacture of food products. Insofar as chain store retailers
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Table 2 =~ POPULATION 1935-1950, AND PER CAPITA SWEETENER CONSUMPTION IN THE CONTINENTAL
‘ UNITED STATES, 1935=1950

Calendar Sweetener consumption per capita, in pounds

Year Population 1/ Sogar 2/ Dextrose CTe S. Us 8/  Total consumption including
- (%ESGEEEEE) Wet basis Dry basis  CaSeUs, Wet  C.8.Us Dry

1935 127,250 98.8 1,3 7.2 5.8 107. 3 105,9
1936 128,053 100.0 1,7 8.8 Tel 110.6 108.8
1937 128,825 98,1 1.9 748 6.2 107.8 106,3
1238 129,825 972 2.0 8.0 6o 107.2 105.6
1939 130,880 96e4 342 843 647 107.9 10643
5 yr. 128,967 98,1 2.0 8.0 645 108.1 106.6
~ Aver.
1940 131,970 94,9 2,7 8.2 6.6 105.8 104.2
1941 133,203 105.8 345 9,1 | 7e3 118.8 117.0
1942 134,665 91.2 4,6 14,9 12,0 11046 - 107.7
1943 136,497 86.9 4.4 13,1 10.5 104.4 101.8
1044 138,083 97.€ 4.0 13.1 10.5 114,7 112,.1
1945 139,586 8l.4 4,1 13.1 10.5 98,6 96,0
1946 141,229 745 3.9 12,5 10,0 90.9 8844
1947 144,002 92,1 4,5 13.5 10.8 110.1 107.4
1948 146,571 9742 4,2 8.8 7.1 110.2 108.5
1949 149,215 96.8 4.3 9.2 Te4 110.3 108.5
1950 3/ 151,772 96.8 4.7 10.1 8.1 111.5 109,56

Official estimates of Bureau of the Census; includes military personnel,

Beet and cane sugar, as produced; adjusted for invisible stocks and inecluding deliveries to armed
0Xrces.

Corn Sirup Unmixed.

Preliminary

Letes ek
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—purchase sugar for the manufacture of food products, they are covered by
the 17 percent delivered to industrial ‘users and hotels, reataurants, and
~institutions by wholesalers. : :

i The trend whlch has established 1ndustry a® that segment of our
economy using the largest proportion of sugar distributed in the United
~ States, explains in large measure the decrease in per capita consumption

~of sugars The household consumer, to whom only negligible quantities of

‘oorn sweeteners are sold, now purchases a larger proportion of his sugar

in the form of processed foods produced by industries which use not only

sugar but corn sweeteners as well, Thus, it is that dextrose and com

~ ‘sirup consumption relative to sugar consumption has increased in the total
‘economy. Paradoxically, industrial usage of corn sweeteners relative to

~ industrial sugar usage has not increased since 1935-39 and this is discussed

~in the following sectione

Trends of Total and Relative Sweetener Usage by Industgy - Figure 6 presents
the general trend of primary sweetener usage by industry in the past 16
years. An increased usage is noted betwsen 1935 and 1950 for each type
of sweetener, sugar usage having increased from 35 million to more than
76 million bags, corn sirup usage from 9,1 to 14,8 million wnits (wet basis),
and dextrose usage from 1,7 to 7.3 million bags. As shown, dextrose usage
has inereased relatively more than that of either sugar or corn sirup and
sugar usage relatively more than that of corn sirup.

A clearer picture of the relative importance of the individual pri-
mary sweeteners to industry is presented in Figure 7, In 1950, of the
total primary sweetemer usage by indusiry, sugar represented 77.3 percent,
dextrose 7.5 percent, and corn sirup 15,2 percent, Census and Sugar Branch
data available for pre-war years and for 1950, respectively, indicate a
slight increase of sugar usage relative to total corn sweetener use.

The use of dextrose relative to total sweeteners used by industry
has increased from 3.6 percent to 7.5 percent from 1936 to 1950, During
the war, the use of dextrose was an even higher percentage of tetal
swootener use by industry, equaling almost 8 percent in 1942,

Corn sirup, wnmixed, reprsesented 20 percent of total sweetener use
in 1935, Except for the war period, total usage of corn sirup relative
to total sweetener usage by industry has declined and now equals only
15 percent of total sweetener usage. During the war, industry fell back
upon this sweetener as a primary substitute for sugar to such an extent
that the usage of corn sirup equaled as much as 26 percent of the total
in one year, 1942, .

Industrial Usage of Sweeteners, by Type of Sweetener, 1935-50

Sugar = The baking and cereal products industry has been and remains
The Targest industrial user of refined sugar. Sugar usage by manufact-
urers in this category equaled 13,2 million 100-powund wnits in 1939
and increased to about 19,5 million wnits in 1950, (See Figure 8)



MILLIONS OF 100 LB. UNITS MILLIONS OF 100 LB. UNITS
AS PRODUGED AS PRODUCED
ool T I T T T T T T T T T T T T I T 100
8o} - 80
60 |- SUGAR DISTRIBUTION - 60
= -
. —
40 — — 40
="
—

CORN SIRUP SALES

! t 1 1 1 1 1 1 1 1 1 | 1 i 1 | i \
1936 1940 1945 1950
Figure 6.~--Quantities of sugar, corn sirup, and.dextrose used in industry, United States,

1935'500

Sources Appendix, Table 60.
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Source: Appendix, Table 60,
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The beverage industry which used an estimated 17.0 million units in 1950,
ranks second in importance. Although the confectionery and related
products industry was a larger suger user than the beverage industry prior
to World War II, it used two million units less than the beverage industry
in 1950. Manufacturers in the category "Canned, bottled, frozen foods,
etc." have greatly increased their sugar usage since pre-war and used an
estimated 13.3 million units in 1950, As shown in Figure 8, the above
four categories used 64.4 million 100-pound units of sugar in 1950, or
more than 85 percent of all sugar consumed by industry.

Although the baking and confectionery industries have increased their
sugar usage since 1935-39, their usage as a percent of total industrial
sugar usage has declined since pre-war. In 1935, the two categories to-
gether used 62 percent of all sugar consumed by industry; by 1950, their
usage had dropped to less than 46 percent of the totals The manufacturers
in the combined categories of "Beverages" and "Canned, bottled, frozen
foods, etc." increased their share from 26 percent of the total in 1935
to 40 percent in 19560.

In 1950, as shown in Figure 9, total industrial usage of sugar was
84 percent greater than in the 1935-39 period., While all categories of
sugar users increased their usage over pre=war, the most significant
increases are noted in the categories “"Beverages", "Canned, bottled,
frozen foods, etc." eand "Multiple and all other food uses." The sugar
usage by the ice-cream and dairy products industry increased in slightly
groeater proportion then total industrial usage while the sugar usage of
bakers and confectioners showed & less proportionate increase then did
other industries., Nevertheless, bakers in 1950 used 156 percent as much
and confectioners 138 percent as much sugar as they used during the period
1935=-39,

Dextrose - The baking and cereal products industry is by far the largest
purchaser of dextrose, using 4.2 million 100-pound wnits, or 68 percent
of the total dextrose sold in 1950 (See Figure 10)s. The confectionery
industry, second largest purchaser of dextrose in 1935, now exceeds in
dextrose usage only the ice cream and dairy products industry. In con-
trast, the manufacturers in the categories "Beverages" and "Canned,
bottled, frozen foods, etc.", which together used only 186 thousand wmits
of dextrose in 1935, expanded their usage during the World War II control
period and now use l.6 million units, or more then 22 percent of total
dextrose sales in 1950, The ice cream and dairy products manufacturers,
like confectioners, used much more dextrose in 1950 than before the war,
yet purchased a smaller percentage of the total dextrose sold to industry.

The use of dextrose by all industries in 1950 equaled 300 percent of
pro-war usage (See Figure 11), The greatest increases in dextrose usage
occurred in 1941 and 1942; it has been more gradual since then. The
greatest increase in dextrose usage is noted in the category "Multiple
and all other food uses", which purchased 678 percent as much dextrose
in 19560 es in the pre-war periods The categories "Non-food products"
and "Cenned, bottled, frozen foods, etce." follow in order of increased
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Appendix.
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usage. Usage by the beverage manufacturers, which in 1546 increased to
463 percent of pre-war usage, declined somewhat in 1948, and in 1950
equaled 321 percent of pre-war. The remaining categories increased their
usage but to a lesser extent than the four categories above.

Corn Sirup Unmixed - The "Confectionery and related products" group is
the predominant user of corn sirup, purchasing 7.5 million 100-pound
units in 1950, or 51 percent of the total corn sirup sold. (See Figure 12)
The blended sirups industry 4/, which used almost 29 percent (3.1 million
‘units) of the cornm sirup sold during the pre-war period, increased its
purchases during the World War II control period to more than 6.8 million
units in 1942, the peak year. However, sales of blended sirups collapsed
" during 1947, and the blended sirups industry used less cormn sirup in 1950
than was used in 1939 and only 23 percent of total corn sirup usagee.
Purchases of com sirup by manufecturers in the remaining categories are
small compared with those of confectioners and_sirup blenders and, except
for the baking industry, no other category purchased as much as seven
percent of the total in any year of the period 1935-50.’§/

Relatively little cheange in corn sirup usage took place prior to
1942 except in the ice cream industry, World War II gaeve great impetus
to sales of corn sirup to all types of buyers except brewers. (See
Figure 13) Even though purchases of corn sirup declined generally
following the end of war controls in 1947, the overall usage of cormn
sirup in 13850 equaled 143.,5 peroent of prewar usage.

The greatest variation in corn sirup usage has ocourred within the
ice cream and dairy products industry. In 1942, the manufacturers in
this category used 87 times the corn sirup used during pre-war. Even
though their usage has declined since the war control period, and equals
less than 3 percent of total cormn sirup usage, these manufacturers used.
in 1950 more than 30 times their pre-war usage of corn sirupe. Similarly,
the manufacturers of soft drinks, who used negligible quantities of corn
sirup during 1935-39, used 322 thousand units in 1942, However, unlike
ice cream menufacturers, the soft drink manufacturers have used only
relatively minor guantities of corn sirup since the ware.

Appreciable increases in corn sirup usage are noted in one other
category, "Camned, bottled, frozen foods, etc.". Usage by these manu-
facturers equaled 568 percent of pre-war in 1950, Only one type of

For dextrose and sugar ussge, this industry is incl uded under the
category "Multiple end all other food uses,"
g/ There has been, in recent years, a growing interest in the use of
corn sirup solids, particularly within the ice oream industry. Figures
on solids usage are not available and are not included in the corm sirup
figures of this chapter., However, the use of corn sirup solids is dis=
cussed in a subsequent chapter.
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Figure 12,--Use of corn sirup by industrial groups, United States,
Source:
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mnufﬁoturor, the brewer, showed no inorease of corn sirup usage in the
post=war period as compared with pre=war. His usage in 19560 equaled
99 percent of 1935=39 usage. ' : ,

Industrial Usage of Sweeteners, by Type of Indust'ry

Bakery and Allied Products - The baking industry during the 16=-year
periog {1935-50) has relled heavily on sugar as the chief sweeteming
ingredient in its products. As shown in Table 3, sugar usage for this
period has averaged 15 million 100-pound units, or 79 percent of total
sweetener usage. Prior to the war, sugar represented between 84 and 88
percent of totel primary sweetener usages In 1950, the industry used
19,6 million units of sugar, 79 percent of total sugar, corn sirup and
dextrose useds During the war years, suger usage was smaller than in
either of these periods dus to the short supply situation. The low point
in sugar usage (as a percent of total sweetener usage) ocourred in 1942
when corn sweetener purchases represented 29 percent of total sweetener
usage, In that year the sharp rise im corn sirup purchases was commen=
- surate with the fall in sugar usege. Since that year, there has been a
decline in corn sirup purchases and, as a percentage of totel sweetemer
usage, oorn sirup purchases by the industry have fallen almost to 1939
levels, In 1950, the industry used slightly more than 1.0 million units
of corn sirup representing 4.3 percent of total sweetener usage,

, Dextrose usage by the baking industry has increassed steadily., Except
for the period 1944-46 when slight decreases in usage occurred, the quan=-
tity of dextrose used has increased year after year. From an average
usage of 1,6 million units in 1935-39, the baking industry usage increased
t0 442 million wnits of 100 pounds in 1960. Not only has dextrose usage
inoreased by absolute quentities, its usage by the industry has inoreased
relative to sugar usage. As a percentage of total sweetener usage, dex=-
trose purchases have inoreased from less than 1l percent in 19356-39 to

17 percent in 1950, Combined dextrose snd corn sirup usage represented
21 percent of total sweetener usage by manufachzrers of bakery and allied
produots in 1960,

Confectlonery and Related Products = The confectionery industry used
approximately the same relative quantities of suger, dextrose and corn
sirup during 1948-1650 that they used during the pre-war period, 1935=-39
~ (See Table 4), Sugar usage incressed from 10.9 million 100-pound units
in 1939 to 14.7 million wnits in 1950 and equaled approximately 65 per=
cent of total sweetener usage in each year., Dextrose purchases are
small and have equaled less than two percent of total sweetener usage
during any normal period of supplys Corn sirup usage increased from
547 million units in 1939 to 7.6 million units in 1960, approximesting
one~third of total sweetener usage in both years. With the exception
of the war=time rationing period, the confectionery industry has shown
a fairly stable relationship in sweetener usage, continuing to use in
1948-50 the same relative quantities of each type of sweetener

as in the pre-war years,
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1935-60

:Tablo 3 - Bakers' Usage of Sugar, Dextrose ‘and Corn Slrups, United States, s

(Thousands of 100-pound unlts)

Year :

Suger 1

: Peroant of.
Total

1 De'xtrosea

Percen‘c F 1
Total

1Percent :

1935
1086

1937

1938

1939
1040
1ea
1002
—19437
1544
1545
:,tiéés'
7 1947
1948

1949

Qil;éoorf
nes
12,700
’:n.a;_'
'13,166 ,
ilé;ééOL
14,670
12,900
713?830
14,210
rié,sgor,f

16,920

18,800

19,460

1050% 19,460

87t$'

85,8
134;6':
85T
'31.2 
7.2
rae
'75;37f

76.0,;1

%G;Q,L; ,

7646

8067
80,7

T8e7

1,162

1,472

1,551
1,625
1,816
2,118
2,720

3,045

3,139

3,052
2,888

2,684

3,569
3,504
3,650

4,205

Ne8e = not aveilable

ﬁ/ Preliminary

8.8

1.7
16,0 ,f:';
716;811
16531;,
16,2
: 3115;2: ,
14.6

1642

15,0
156.1

17.0

an

574

550
560
580

580

678

2,166
1,739
1,615

1,667

- 346

“BeT

:,307 -

3.8
12.0
9.3

8.5

8.8

85

7.2
4,3

4,2

4,3

¢ Corn Sirups:of total: Tbt&l

13,133

14,801

16,576
16,529
18,068

18,101

18,708

18,877
18,945

18,349

22,081
23,314
24,117

24,723
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Table 4 - Confectionery and Related Products Usage of Sugsr,
Dextrose and Corn Sirup, United States, 1935=50

(Thousends of 100-pound units)

: : Percent of ¢ : Percent of :Percent :
Year : Sugar : Total 3 Dextrose: Totel t Corn Sirups:of total:Total

1935 10,370 6840 161 1.0 4,724 31,0 15,255
1536  n.ee - 222 - 5,647 - -
1937 10,750  64.5 231 5,587 33,7 16,568
1938  n.s. - 238 - 5,606 - -
1939 10,900 6447 270 1.6 5,671 33.7 16,841
1940 11,870  65.6 269 1.5 5,947 32.9 18,088
1941 13,360 6643 311 1.5 6,496 32.2 20,167
1942 11,680  68.2 654 3.2 7,745 38.6 20,079
1943 11,960  59.0 521 2.8 7,786 38.4 20,267
1944 13,740 62,1 480 2.2 7,895 35.7 22,115
1945 12,520 60.6 438 T 2.1 7,716 37.3 20,674
1946 11,310 58,6 452 2,3 7,566 39.1 19,318
1947 12,990  60.0 447 2.1 8,189 37.2 21,626
1948 13,940  65.2 290 1.4 7,146 3344 21,376
| 1949 14,030 65,1 291 1.4 7,221 33.56 21,542
1950/ 14,690  65.0 323 1.4 7,596 33.6 22,609

Ne8¢ = not gveilable
1/ Preliminary

954135 0—b51——4



The Beverage Industry = Sugar usage by the beverage industry almost
quadrupled since 1935« As shown in Table 5, the industry has used sugsr
to the extent of 88 to 95 percent of total swestener usage in its pro-
ducts from 1935 through 1950, Dextrose usage by the industry has increased
to six times the 1935 usage in absolute quentities and to a much lesser
extent as a percentage of total sweetener usage. Corn sirup purchases by
the industry in 1950 epproximated those of the pre~war period, but as a
percentage of total sweetener usage, were less than 4/10 of pre-war usage.

The figures in Table 5 combine the sweetener usages of the alco-
holic and non-alecoholic beverage industries, These tombined figures re-
quire further explanation because of the uses made of specific sweeteners
by individual segments of the industry. Manufacturers of soft drinks,
extracts and flavored sirups use between 95 and. 97 percent of all sugar
consumed by the beverage industries, while brewers and other manufacturers
of alcoholic beverages use practically all of the corn sirup and between
40-45 percent of the dextrose moving into the manufacture of beverages.
The usage of corn sweeteners in alcoholic and non-alecoholic beverages is
shown in Table 6.

Prior to World War II, corn sirup sales to soft drink manufacturers
wore negligible, Exigencies of the war induced many manufacturers to
supplement their sugar rations with other sweetening agents in order to
maintain volume of productions Thus, corn sirup was used in relatively
large quantities until rationing was discontinued.

Dextrose sales to the beverage industry have increased tremendously
since the pre-war period, primarily to soft drink menufacturers. Sales
to aleoholic beverage menufacturers have increased 77 percent since the
1935=39 period, while sales to non-alcoholic beverage manufacturers in
1950 were more than S times those of the preewar period.

Less than one=third of the total sweeteners used by the alcoholic
beverage manufacturers in 1950 was sugar; the nonealcoholic beverage
industry used approximately 97 percent sugar and 3 percent corn sweet-
oNers.

Canned, BotYtled, Frozen Foods, Jams, Jellies, Preserves, etce. = Totel
usage of sugar, corn sirup end dextrose by these menufecturers amounted

to 15,1 million 100-pound wnits in 1950 end was more then twice as large
as total usage in the 1935=39 periods In 1950, sugar represented 88.1
percent of total sweetener usage and dextrose and corn sirups usage
amounted to 6.3 and 6.6 percent, respectively, of the total. The quantity
of com sweeteners used was almost six times that used in 1935-39 and
sugar usage was more than double that of the pre-war periode. However,
1950 sugar usage represented & slightly smaller percentage of total
sweelener usage and corn sweeteners a larger percentage than in the 1935-39
period. (See Teble 7)
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Teble & - Beverasge Industry Usage of Sweetemers, United States, 1935~-E0

(Thousands of 100-pound umits})

' : Percent oft ": Percemnt of : sPercent
Year : Suger : Totel : Dextrose: Total ¢+ Corn Sirups:of Total :Total
1985 4,580  89.4 140 2.7 031l 7.8 51231/
1836  nege. - 169 - 453 - - ,
1937 6,450  90.4 263 3.7 201/ 52 Tim1Y
1838 Nele - 337 - 23S - -
1938 9,250  93.2 382 3.2 2873/ 3.8 8,991/
1940 10,000  93.5 445 4.2 2433 2.3 10,688 I/
1941 12,800  93.1 672 e 281 1/ 2.0 15,758 If
1942 11,780  88.5 912 6.8 | 609 4.6 13,302
1843 12,800  91.3 846 6el S 2.7 14,021
1944 13,460 9'2.1, 120 4.9 438 30 14,618
1945 11,780  89.1 987 7.6 457 Bk 13,224
1946 12,240  88.2 1,207 8.7 432 3.1 13,881
1947 15,320 91,2 1,050 Ge2 437 2e6 16,807
1948 17,210 94,5 677 3.7 330 Yo& 18,237
1949 17,020 93,4 7 4.2 435 2.4 18,226
19502/ 17,020  93.2 835 4.6 395 2.2 18,248

;/ Excludes small quantities of corn sirup used by soft drink memufacturerse
2/ Preliminary.
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Table 6 ~ Corn Sweetener Sales tc Alcoholic and Non=Alcocholic Beverage
' Menufecturers, United States, 1935=60

(Thousands of pounds)

, :Corn Sirup Sales to Menufacturers of : Dextrose oales to lenufacturers of
Year : Alcoholic Beve :Non-alcoholic Beve: Alcoholic Beve.: Non-alcoholic Bev.

Y 0 % o/
1935 40,293 n.e. 11,489 2,522
1936 45,267 n.a. 15,216 1,690
1937 41,964 n.e. 23,506 2,816
1938 33,294 n.a. 27,190 6,545
1939 28,668 n.a. 28,725 10,517
1940 24,328 7 nea. 29,561 14,958
19417: 28,079 3/ s  ze,028 27,201

194z 28,703 32,247 35,074 56,265
1* 1543'?=/ 31,871 £,6565 38,816 46,750
1944 37,682 6,185 35,418 36,569
1945 37,416 8,326 38,491 60,204
1946 27,188 16,218 31,973 | 88,680
1947 35,975 7,719 42,117 62,913
1948 32,777 189 29,664 38,049
1949 42,948 642 4/ 34,700 4/ 42,400
1950 37,499 1,826 4/ 37,600 4/ 45,900

Corn sirup sales reported only for breweries and brewery supply houses;
extrose seles include sales to brewers and to manufacturers of wines,
cordials, etc.
: 3/ Corn sirup sales reported from 1942«50 for soft drink manufacturers
~only; dextrose sales include sales to soft drink menufacturers and manue-
facturers of extracts, flavored sirups, etc,
3/ Total of last 3 months of 1941,

Estimated.
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Table 7 - Use of Primary Sweeteners by Manufacturers of Canned, Bottled,

(Thousands of 100=-pound units)

Frozen Foods, Jams, Jellies, Preserves, etc., United States, 1935=50

Percent of :

vt

stPercent of :

sPercent :

Year : Sugar Total iDextrose: Total t Corn Sirupsi:of Total:Total
1935 4,490 9542 46 1,0 179 3.8 4,715
1936 N8 - 61 - 213 - -
1937 5,980 9640 75 1.2 175 248 6,230
1938 Nefe - 152 - 1565 - -
1¢39 6,260 92.4 366 5.4 152 242 6,778
1940 7,010 92.5 386 5ol 179 2.4 7,575
1941 7,850 88,0 8566 9.6 217 244 8,923
1942 7,380 84,43 860 9,8 517 5.9 8,757
1943 8,790 87.8 693', 6.9 527 563 10,010
1944 11,310 90.1 578 4.6 666 563 12,0564
1945 9,250 86,0 863 642 843 7e8 10,756
1946 11,400 8848 499 349 944 TeB 12,843
1947 11,590 87.6 548 | 4,1 1,106 843 13,243
1948 12,720 9044 722 561 625 4.5 14,057
1649 12,250 8849 823 640 697 5.1 13,770
1050Y 13,280 88,1 793 5.3 991 6.6 15,064

5/7 Prelimiﬁary o



The Ice Cream amd Deiry Products Tndu = Total sugar, corm sirup and
dextrose usage by the ice cream em iry products industry hes dosbled
since the pre-war years end in 1950 equaled €¢3 milliom I00-powsd woits
(See Table 8). The most promowrced incresse in sweetener wssge was im
the industry®s purcheses of corm sirup which averaged 10.4 thousend mits
during the pre-wer period and equaled 323 thousend wnits fmw 1950, Sugmr
,mmmmfsmtmerwbymme&WM
more thew 90 percent of total sweetmmer ussge in 1950, However, it is
significant that the industry now uses slmost I0 pervent corn swesteners
&s compered with sbout five perevent during the pre-wer pericd.
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‘!‘able 8 « Ice Cresm Usage of Sugar, Dextrose and Corn Sirups,
-~ United States, 19356-50

(Thousands of 100 pound units)

3t Perocemnt ofs3 “iPercent of 3 “iPercent 1
Year 3 Sugar s Total :Dextrose: Total 31 Corn Sirups:of Totel: Total

1935 2,520 961 94 3.8 ' 8 0.3 2,622
1938 TeBe , - 121 L - 9 - -
1937 3,180 . ea.9 160 4.8 10 0.3 3,350
1938  mam. - 12 - 11 - -
1839 3,360 94,4 184 5.2 ' 14 0.4' 3,558
1340 3,740 94,7 185 L7 24 0.6 3,949
1941 4,390 93,4 270 5.8 39 0.8 4,699
1942 5,830 T6e3 27 Bab 915 18.2 5,022
1943 4,300 BT 263 5e2 515 10.1 5,078
1944 5,050 2 858 239 42l 596 10.1 5,885
1945 5,980 B8l 221 = B2 743 10.7 6,944
1946 6,820 88,9 258 Bed 593 TeT 7,671
1947 6,380 8843 242 Butt 562 TeB 7,154
1948 5,990 9l.0 289 4ad 305 4.8 6,584
1949 5,700 908 28B4 45 312 4.9 6,306
1950 5,710 805 279 . 323 5ol 6,312

}/ Prelimineary
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 FACTORS AFFECTING CHOICE OF SWEETENER

 General Factors

There are many factors to be considered by a food processor
before he chooses a sweetener or a combination of sweetenmers to use
~ in his product. Probably the three most prominent ones are differences
in physical and chemical properties, relative prices, and Federal and
State regulations governing types and/or amounts of sweeteners permitted
in each unit of producte Detailed discussions of each of these factors
are included in this cheapter. There are, however, other factors which
influence hls choice of sweetener, a few of which are considered suffi-
ciently importent to warrant brief mention at this time.

Advertising and Sales Programs - Advertising and salesmanship no doubt
are instruments used by the manufacturers and distributors of all types
of sweeteners in attempts to influence a food processor's choice
relative to type of sweetener usedes It is well known that the

manufac turers of corn sweeteners, especially of dextrose, usually have
been more aggressive in their advertising campaigns than the sugar
industry. Meny wet corn milling companies also have employed a
technical sales staff to aid in familiarizing buyers with the physical
and chemical properties of the various corn sweeteners and to advise
them regarding their proper usage. Aggressive efforts of the
manufacturers of corn sweeteners has influenced to some extent the
growing acceptance of these products in many fields of food processinge.

In-Plant Handling Problems ~ Economies and conveniences of storage

and use of sweetener at the plant often have a marked effect upon
choice of sweetening ingredients. Such factors are prime considerations
in choosing between dry and liquid sugar. One of the principal reasons
for a food processor's using liquid sugar is the savings arising from
economies and conveniences of storage and in-plant handlinge

In many cases the added costs and production problems associated
with storage and usage of more than one sweetener have a marked effect
upon the type of sweetener usede For example, in most products corn
swooteners cannot be used satisfactorily as the sole sweetener but
must be used in combination with sugare On the other hand, sugar may
be readily used as the only sweetener in these products. Therefore, a
- food processor who wishes to use a corn sweetener must maintain
storage facilities for two sweeteners and must handle two sweeteners
in the plant in making the producte This usually requires more storage
space and adds to handling costs. It also enhances the possibilities
of plant employses making formula errors in the production process.



The difficulties encountered in using two sweeteners are
magnified when it is economical and convenient to use one in liquid
form and the other is available only in dry form. For example, the
most acceptable corn sweetener for a given use might be dextrose,
which is available only in dry form, while economies could be
effected by using liquid sugar. Or a corn sirup-sugar combination
might be the preferred one in an area where liquid sugar was not
available or uneconomical.

The size of a plant often has & marked effect upon the choice
of & sweetener. In large-scale operations, there is more of an in-
centive to use more than one sweetener in order to effect small unit
savings in production costs. On the other hand, in small operations
the savings resulting from decreased ingredient costs may be offset
by increased storage and handling costs. In general, the use of a
combination of two or more sweeteners requires application of somewha.t
higher technical skills than when only one is used. Since larger
compenies usually are more likely to haye persomnel with such skills
than small companies, there is relatively more of an incentive for

' the former to use corn sweeteners in combination with sugar. A sub-

stantial number of the small-scdle companies contacted, in connection
with this study, reported that they did not use corn sirup or dextrose
primarily because of handling difficulties.

Physical or chemical properties of a sweetener which make it
more difficult to handle than another sweetenser often affect a food
processor's decision relative to its use. For example, there is a )
certein element of denger of either liquid sugar or corn sirup result-
ing in stickiness of pipes under improperly controlled conditionse
Such problems would not be encountered, of course, in using a dry
sweetener, such as sugar or dextrose. Some companies, especially the
smeller ones, would prefer to use a dry sweetener, usually at a soma=-
what higher unit cost, than to get involved with controlling pipe
lines and storage tanks to avoid unsatisfactory flow or storage
conditionse. :

Psychological Factors - Psychological factors are of considerable
importance with many food processors in arriving at a decision as to
what sweetener or sweeteners to use. In most food processing fields,
the use of any corn sweetener relative to sugar is comparatively recent.
Also, sugar in liquid form is a relatively new type of sweetener.

Many industrial users who treditionally have used only dry sugar as a
sweetening ingredient, are somewhat reluctent to change to liquid sugar
or & combinaetion of sugar and one of the corn sweeteners or, in the
exceptional ceses possible, to shift altogether to a corn swesteners.
This is especially true if a manufacturer believes he has been very
successful in arriving at a formule which results in a well-accepted
product. He fears that altering his sweetening ingredients might
affect advdrsely consumer acceptance of the product.




When the decision is one of whether or not to use a corn
sweetener with or in place of sugar, meny users consider what they
believe will be the probable reaction of their customer relative to
maintenance of quality standards. Simply because corn sweeteners are
less expensive than sugar on & per-pound basis, there is a tendency on
the part of some users to weigh heavily the probable impact of their
use on consumer acceptance. This is especially true if the product in
question is one requiring ingredient labelinge

Comparison of Certain Physical and Chemical
Characteristics of Sugar and Corn Sweeteners

Differences in the chemical and physicel characteristics of sweeteners
influence a food processor's choice of these materialse The more important
of these chemical and physical properties are: (1) Relative sweetness,

(2) hygroscopicity (ability to absorb and retain moisture), (3) solubility
end crystellization properties, (4) density of liquid sweeteners and moisture
content of solid sweeteners, (5) preservative properties, and (6) flavor.

Regarding some of these characteristics, it is apparent that there are
differences of opinion among scientific persomnel, The brief discussion
which follows is in no sense an attempt to contribute to technological
research on the subject. It is intended only to point out that there are
important differences in the physical and chemical properties of sweeteners
and to indicete in general how these differences in properties influence
comnercial distribution and use. Reliance has been placed on the previous
research of others and on discussions with persons who are currently
engaged in technological research related to the subject. Although there
has been no attempt to make un exhaustive study of all the differences
botween sweeteners, it is devised to call attention to those properties
considered most importent in afrecting an industrial user's choice of
sweetening agent.

Sweetness - Relative sweetness is a subject much debated among chemists
and food technologists. It has been necessary for various reasoms to
modify the conolusions drawn from older studies, completed in the 1920's.
One reason for this is that sweetening power has been improved as the
result of the higher degree of refinement now characteristic of some of
these sweeteners. Moreover, the best informed current opinion is that
the degree of concentration chosen for comparison affects materially
the relative degree of sweetnesss Sweetness also is influemced by
such factors as the temperature of the product in which sweeteners are
being compared, the supplementary affects of two or more sugars, and
the presence of acids, salts, flavoring meterials and other non-sugar
substances. There is no chemical test for sweetness; it must be tested
by consumer taste, and perception to sweetness varies with individuals.
For these various reasons, it is impossible to assign a specific
sweetness value to each sweetener for all purposes. §/

8/ A. T. Cemeron, "The Taste Sense and the Relative Sweetmess of
Sugars and other Sweet Substances," Scientific Report Series No. 9
Sugar Research Foundation, Inec., New York, 1947.

’



The ratios of sweetness mentioned below are presented only to illustrate
the broad range in relative sweetnsss reported by wvarious research
investigators.

In most studies of sweetening walues, sugar has been used as the
basis of comparison, its sweetening power being indicated as either
1,0 or 100 percent, and the relative sweotness of other materials has
been stated in terms of sugar. The sweetest of the more commonly used
materials are often considered to be honey and invert sugar. Completely
inverted sugar is made up of half dextrose and half levulose. The
levulose is much the sweeter of the two having been variously reported
as 140 to 175 percent as sweet, while dextrose has been reported as
60 to 75 percent as sweet as sucrose. Many believe that on a moisture-
free basis the product resulting from the inversion process is but
little, if any, sweeter than the uninverted sucrose molecule.
However, estimates of the sweetness of invert sugar run as high as 130
percent of that of sugar. 7/

Because honey usually contains a higher proportion of levulose
than does commercial invert sugar, it is characteristically somewhat
sweeter. Its higher density and resultent tendemsy to linger on the
tongue give the impression that it is considerably sweeter than most
sugar sirupse

Anhydrous dextrose is the sweetest of the corn sweetener group.
The descending order of sweetness of the other corn sweeteners ls:
dextrose hydrate, high conversion corn sirup, regular corn sirup and
low conversion corn sirupe "Corn sirup solids" is considered equivalent
to regular corn sirup, when these are ocompared on & moisture-free basice
The most widely accepted ranges in sweetness for dextrose are 65 to 70
percent for dextrose hydrate and 70 to 75 percent for amhydrous dextrose.

Certain investigators .8./ .?./ have studied the sweetening values of
sugar and the corn sweeteners at different concemtrations, alone and
in admixture, and for various uses. In ice oream, for example, it was
found that vwhen used with sugar, dextrose was considerably sweeter
than would be indicated by its sweetening value in plain water solution.
It was concluded by the investigators that from 20 to 25 percent of
sugar in the ice cream mix could be replaced with dextrose without
sacrificing the sweetness. An explanation of the supplemental effect
upon total sweetness of sugar and a corn sweetener in the same solution

7/ Erb, J. H. Sweetening Agents Suitable for Ice Cream, Chocolate
Milk end Sweetened Condensed Miirk. Ohio State Unive, Depte Dairy Techsp.2.
8/ Corbett, W. J. end Tracy, P. He Dextrose in Commercial Ice Cream

Manufacture. Ill. Agre. Exp. Sta. Bulle. No. 452, March 1539, p. 375.

9/ Dahlberg, A. C. and Penczek, E.S. The Relative Sweetness of
Sugars Affected by Concentration. N.Y. Agrice. Exp. Ste. Tech. Bull.
No. 258, April 1941, pp. 1l-l2. Dextrose and Corn Sirup for Frogzen
Desserts. N. Y. Agric. Expe Sta. Bulle No. 696, Oot. 1940, p. 32
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or food product was offered as follows: "The sweetness of sucrose

is quickly perceived, promptly reaches a maximum intensity, and then
decreases. The sweetness of dextrose stimulates the taste sensory
organs more slowly and reaches a maximum intensity later. Hence, the
one sugar might be expected to supplement the other." The relative
sweetness of corn sweeteners was found to be nearly twice as high a
value in high concentrations as in low concentrations, and it was
pointed out that many food products require a rather high concentration
of sweetener content. The relative sweetness of dextrose (sugar as 100%)
was reported to vary with the concentration and product use from

62 to 100; of high conversion corn sirup from 40 to 80; and that of
regular ocorn sirup from 28 to 54.

The relative sweetness of corn sirup varies considerably with the
degree of conversion. The usual hydrolysis process by which corn
starch is converted into corn sirup may be controlled to give varying
proportions of dextrose, maltose, higher sugars, and dextrinse.

The product may be further processed by a special acid and/or enzyme
treatment to increase the proportion of dextrose and lower that of
dextrine In general, there are three commercial classifications of
corn sirup, which vary eccording to dextrose equivalent (D.E.), the
total reducing sugar content 19/calculated as dextrose on a dry basis.
These three classifications are low, regular or medium, and hiﬂ-
conversion, with the D.B. usually being from 28 to 33 for the

Iow conversion type, from 40 to 43 for the regular conversion type and
from 52 o 65 for the high conversion sirups. e approximate
composition of corn sirup at any D.E. can be obtained by adding the
figures indicated by each of the lines on figures 14 and 15. As the
D«E. is raised, the dextrin content is lowered, with an accompanying
increase in sweetness, since dextrin possesses no sweetness.

The various factors which govern sweetening power have definite
significance in the processed foods industries. Corn sweeteners,
apparently, are considered least sweet when used without sugar or in
foods with low sugar content; therefore, greater amounts of corn
sweotener must be used to provide comparable sweetness. However, when
used in foods containing comparatively high sugar concentrations, the
sweotness of dextrose and other corn sweetemers appears to be increased,
and some authorities claim that in certain instances they may provide
as much sweetness pound for pound as sugare

For many purposes the degree of sweetness is a major factor
influencing a food processor's choice of sweeteners. Sweetening
ingredients, however, have many other characteristics which influence
the desired results in a food product. In soms foods, such as canned
vegotables, sweetness itself is not desired, but the addition of a
sweetener will bring out the flavor of -~ or "season" =-- a product
more effectively than would otherwise be the case. On the other hand,

1_0/ Reducing sugars are sugars like dextrose and levulose, which have
the characteristic property, when tested in the chemical laboratory,
of reducing a copper solution.
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an over-dose of sweetness is thought by many manufacturers to be
just as detrimental to flavor as not enough sweetness.

A sweetener actually may be used to control sweetness as well
as to provide an ample supply of sweetness. In an effort to achieve
a proper balesnce of sweetness with the desired body or density,
manufacturers of processed foods often use a combination of sweeteners.
For example, a combination of sugar and corn sirup may be used as the
packing medium for canned fruits to maintain the desired density without
having excessive sweetnesse The natural flavors of fruits which are
bland in flavor are said by some canners to become masked by sweetness
when sugar is the only sweetener used. Reducing the sweetness merely
by lowering the quantity of sugar used may result in too low a sirup
density. For fruits which are pungent or sharp in flavor, controlling
swoetness by using a combination of ingredients is not so important.
In the ice cream industry too, & combination of sugar and corn sweetener
is sometimes used to reduce sweetness, in order not to mask delicate
‘flavor, and to maintain as high a percentage of solids in the mix as,
when an all-sugar formula is used.

Hygroscopicity - Hygroscopicity is the ability of a substance to absorb
and rotain moisture. Some sweeteners are more hygroscopic than others,
and this characteristic can be either an advantage or a disadvantage,
depending on the product to be manufactured and the conditions under
which it is produced and marketed. For instance, sugar and dextrose are
commonly considered to be in the non-hygroscopic category, while corn
sirup solids, honey and invert sugar are well known to be hygroscopice
Although there is no kmown published information which indicates that
dextrose is more hygroscopic than sugar, meny food processors have
indicated their beliefs that this was the case, especially in the case
of dextrose hydrate, possibly because it is kmown to contain from

8 to 9 percent of water of crystallization. Corn sirup definitely

is hygroscopic, and in its dehydrated (solids) form, it absorbs
moisture quickly when exposed to the atmosphere.

A hygroscopic sweetener has many advante, s when it is desired
that manufactured products hold moisture for prolonged periods of time.
Examples of products of this nature are most types of confec tionery,
which must withstand a rather long shelf life, and icings, which are
best when prevented from drying out and becoming brittle. On the
other hand, the use of hygroscopic sweeteners is disadvantageous for
products which require the absolute minimum of moisture, such
chocolate. Manufacturers who desire to utilize hygroscopic swueter s
in certain products have been able to eliminate some of their handling
and storage difficulties through air-conditioning of factories and
proper packaging. Hard candies containing an excessive proportion of
corn sirup tend to become sticky in hot humid weather. The use of
some corn sirup, however, keeps hard candy from graining excessively.
Thus, a balance of sweeteners in confections is necessary to achieve
the desired sweetness, texture, structure, flavor and keeping quality.
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In iee cream, where water is present in considerable quantity anyway,

and a somewhat moist product is wanted, the hygroscopic tendencies of

‘& sweetener are not objectionable and may even be desirable. "Corn sirup
80lids™ are rather popular among the smaller ioe oream manufacturerse
However, the hygroscopic nature of corm sirup solids makes it desireble
to use full-bag units, since exposure to the atmosphere for any length
of time makes this product sticky and diffioult to handle.

Crystallization and Solubility - Sweeteners also are used in food products
to produce a desired degree of orystallization or, conversely, to prevent
- or control it. Sugar and dextrose are used to produce erystallization,
while for many uses corn sirup serves to prevent or control it.
Crystallization may also be controlled by means of invert sugar. The
invert sugar may be added as such or may be produced from sucrose in
the process of making certain products by adding small amounts of an
inverting agent, such as tartaric acid or invertase. In many products,
such as candies of the caramel, fudge and fondant types, it is desirable
to prevent excessive crystallization.

Corn sirup is used in caramels in fairly large quantities to give
chewy consistency. A smaller proportion of corn sirup or irvert sugar
is generally used in fondants and fudge to control crystallization and
texture, yet maintain the desired degree of sweetness. Because more
crystallization is mnecessary in hard candies; relatively more sugar
and less corn sirup are generally used in this type of candy. It is
also well known that results may be modified by varying the moisture
content through control of temperature of the cooke

- The tendency of a sweetener to crystallize varies inversely with

- its solubility. Because dextrose is not as soluble as sugar at ordinary
temperature, dextrose tends to crystallize more in all dextrose sirups
of the same dendity as all sugar sirups. A comparison of the relative
solubility of sugar end dextrose is given in table 9. It will be noted
that at temperatures above 60° C (140° F), dextrose is more soluble than
sugare This property, however, is considered to have little, if any,

prrgctical,Value;, At lower temperatures, sugar is comsiderably more

- soluble. e o , '

- The relative solubility of sweeteners at the lower temperatures is,
of course, very important to a frozen food packer. When products are
- subject to quick freezi ng at low temperatures, it is essential that the
swoetener dissolve readily and mix thppoughly throughout the pack, so
that adequate results may be obtained from the use of the sweetener
before all action is arrested by the freezing process. In freezing or
canning fruit it is necessary for an exchange to be effected between
the natural juice within fruits and the sweeteners used in the packing
‘media, if the added sweeteners are to provide a uniform protection from
spoilage and contribute as much as possible to the quality and flavor
of the products.



-~ 55 -

Table 9. = Solubility of Sucrose and Dextrose in Water at Different

Temperatures
Temperature Dissolved by Dissolved by
100 grams 100 greans
of water of water
- Degree centigrade Sucrose Dextrose
(grems) (grems)
-0.00C 179.2 -
0.50 - - 54.32
20.00 203.9 -
22.98 - 97.51
26.00 211.4 -
28.07 - 112.72
30,00 219.5 120.46
35.00 228.4 138.21
40,00 238.1 138.21
40,40 - 164.06
45.00 , - 248.7 191.63
50000 260.4 243.76
565.00 273.1 -
55.22 - 261.7
60,00 28743 -
64.75 : - . 323.0
65.00 ' 302.9 -
70.00 : 32045 -
70420 - 35943
80.00 362.1 -
80450 - 44042
90,00 415.7 -
90-80 - 562.3

Source: U. S. Depte. of Commerce, National Bureau of Standards,
Circular C440, Polarimetry Saccherimetry and the Sugars,
Us S. Govt. Printing Office, Washington, D. C., May 1942;
tables 134 and 137, pages 676 and 679.

954135 0—51——5
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In preserving, where the products are cooked at high temperetures
and later cocled or even refrigerated, the presence of dextrose in excess
of given amounts has been found to cause crystallization. Problems re-
~ sulting from the greater tendemcy of dextrose to crystallize at the lower

-temperatures are minimized when it is used in moderate proportions in
conjunction with some other sweeteners For many products, however, this
characteristic places a limitation on the percentage of total sweetener
'which may safely be eomprised of dextrose. :

- Another important point relative to solub:.lity and crystall:.zat:mn
is that the total solubility of two sweeteners in a given amount of water
is somewhat less than the sum of the solubilities of each of the sweeteners
when separate solutions are made, using for each the same volume of water.
This is because the solubility of a sweetener, when dissolved in an aqueous
solution of another sweetener, is diminished as a result of the "salting
out" effect of the second sugar. 11/

Another point is that in mixtures containing non-sugar solids, the
solubility and orystallizing tendency of a sweetener may be significantly
different from that preveiling in pure water solution. It is difficult,
therefore, to figure exactly on the relative solubility and crystellizing
properties of sugar and dextrose when they are to be used in products
containing considerable non-sugar solids, such as ice cream, some
confectionery, and frozen or preserved fruits.

In summary, corn sirup, invert sugar eirup, invert sugar and honey
are popular as & portion of the total sweetener when it is essential
Yo prevent or have & lesser degree of crystallization, while sugar or
a combination of sugar and dextrose constitutes the bulk of the sweetener
in products in which more complete orystallization is desirede.

Density of Liquid Sweeteners and Moisture Content of Solid Sweeteners -
Differences in the densities of liguid sweeteners, such as liguid suger,
corn sirup, molasses, and honey, and in the moisture contents of "“dry"
sweeteners-sugar, dextrose, and corn sirup solids-are often important
characteristics affecting type and/or amounts of sweeteners used.

The demsity of a liquid sweetening medium is commonly measured by use
of a refractometer or a hydrometer and expressed in terms of refractometer
solids, degrees Brix, or degrees Baumeé. Degrees Brix is usually the
approximate percentage of soluble solids. (Both sugars and non-sugar
solids) to total weight of the material, amd this is readily determined
by use of a Brix hydrometer. In the case of pure sugar solutions,
however, a sirup of 67° Brix is one with exactly 67 percent of the
weight represented by solids (sugar) in solution, the remaining 33
percent being water. Degree Baumeé is another measure of the density

of a solution, and this is determined by use of a hydrometer bearing
the name of 1ts inventor, Antoine Baumé. A rough relationship between
Brix and Baumé degrees for sirups of medium demsity is that Brixs

Baumé x 187, if both Brix and Baume readings are corrected to the

same temperature.

11/ U. S. Dept. Commerce, Nationel Bureau of Standards, Cirs. C. C440
olarimetric Saccherimetry and the Sugars, May 1942, p. 361.
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The density of liquid sugar varies considerably, depending on
type and grade of producte The uninverted sucrose-type is most
commonly sold at 66° to 67° Brix, while the imverted types are usually
marketed at from'70° to 76° Brixe Corn sirup is sold according to its
"commercial Baume," 12/with the range from 42° %o 44° covering most of
the volume. In terms of total solids content, most oorn sirups range
from epproximately 78 to 82 percent solids.

It is apparent, therefore, that the demsity of corn sirup is
- considerably higher than that of sucrose-tyve liquid sugar and somewhet
higher then that of most inverted types.

For "dry" sweeteners, moisture content rather then density is the
basis on which the proportions of solids and water are usually stated.
Highly refined white granulated sugar usually has e moisture content of
less than 0.10 of 1% and, for all practical purposes, can be.said to be
moisture~free. Incompletely refined suger mey have a somewhat higher
moisture comtent. Dextrose is of two principal types: dextrose hydrate
conteins approximately 8 percent water (of crystallization), while
anhydrous dextrose is as free of moisture as refined sugar. It is
estimated that from 85 to 90 percent of the dextrose produced in 1949
was dextrose hydrate. 13/

It is necessary to make allowances for the variations in water:
content of sweeteners when using them in the production of a given food
product. The lower moisture content of sugar is often an advantage,
sinde the same solids content of a manufactured product can be obtained
with a smaller amount of this sweetener. Dextrose hydrate is commonly
considered about 65 or 70 percent as sweet as sugar. Since it consists
of 92 percent solids and only 8 percent of water (of crystallization),
dextrose may be ‘used advantageously in place of suger in instances
where reduced sweetness and relatively little change in body, or demnsity,
is desired, as contrasted with rdsults when using sugar. The same
would be true for corn sirup solids, which has a sweetness of approximately
50 percent of that of sugar and a solids content of about 96.5 to 97.5 '
percent. In using sirups, however, more ellowance must be made for the
greater water content.

Molecular Weight, Osmotic Pressure, and Freezing Point Depression -

The molecular weights of the sweeteners vary considerably and have a
significant effect upon the lowering of the freezing point and upon
osmotic pressure. Differences in molecular weights are an important
consideration in meking products such as ice cream, camed or preserved
fruits, and in frozen foods.

12/ The Baumé of corn sirup is measured ordinarily to 140°F. and adjusted
to 100°F. to obtain "commercial Baumé."™ Commercial quotations ere for
commercial Baumé densities, which are approximately 1° Baumé lowar than
Baumé to 60°F.

}2/'Gorn Industries Research Foundation's estimate.
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Dahlberg and Penczek.lf/found the molecular weights of sugar and
corn sweetenors with given moisture contents to be as follows:

Moisture Molecular weight

| Sweetener Content (anhydrous basis)
Dextrose (hydrate) 9.54 180.11
Corn sirup (high enzymatic) 14.00 258.40
‘Sugar 7 0.26 342.17

- Corn sirup solids 2435 404.70

- The freezing points of the solutions of these four sweeteners at
various concentrations, expressed on a dry or solids basis, arse given
in figure 16. It will be seen that for any given concentration of
these solutions the freezing point is correlated directly with the
molecular weight; that is, the higher the molecular weight the higher
the temperature at which the solution will freeze. The differences in
degree to which these sweeteners depress the freezing point make it
necessary to adjust the storage temperatures for ice cream in
accordance with the type of sweetener used.

Variation in the molecular weight of sweeteners is related to
number of ‘dissolved molecules (particles) at a given concentration and,
therefore, influences osmotic pressure. The lower the molecular weight
of & sweetener, the larger the number of - dissolved molecules in
solutions of comparable concentration and the greater the osmotic
pressure. Since the molecular weight of dextrose is much lower than
that of sugar, there are more dissolved molecules (at given concentrations)
and hence greater osmotic pressure. This greater osmotic pressure of
dextrose in solution is importeant in preserving, where a quick inter-
change of the natural juice of the fruit and sweetener is desired.

Fermentation and Preservation - Sweeteners mey be fermented for certain
purposes or they may be used to preserve products from fermentation.
These properties are important in the case of bread, jams, jellies,

and preserves, but less important in cammed and frozen foodse. Naturally
the use of sweeteners in all of these products is for various other
purposes also, and the total effect of a sweetener must be considered
in making a choice as to which one or omes to use.

In making bread, for instance, it is essential that sufficient
sweeteners be provided for yeast food if proper leavening is to take
place. The natural sugars supplied by the flour itself provide a part

lﬁ/ Dahlberg, A. C. and Penczek, E. S., Dextrose and Corn Sirup for Frozen
Desserts, N. Y. Agric. Exp. Sta. Bull. 696, Geneva, N. Y., Uctober 1940,
P 10.
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- of this swaetanﬂr, but -the remainder comes from the add;tion of. sugar,’

~ dextrose, or some other sweetening agent. Many bread bakers consider

sugar and dextrose equally satisfactory insofar as ‘producing the
des?red wuncunt of fermentation is concermed. Both dextrose and suglr
forment rapidly with yeast, dextrose a little faster, it is claimed.
The dextrose portion of corn sirup and corn sirup solids will also
ferment rapidly, but because of their higher-sugars and dextrin
content , these products are considered less desirable than sugar or
dextrose for use in fermenting the dough, giving desirable texture to
the loaf and helping to color the crust.

In preservers' items, as the name implies, sweeteners are essential
to "preserve" or protect the products from spoilage resulting from
fermentation. Most bacteria and yeasts will not grow when the
concentration of sweetener solids in preserves is above 65 percente. lé/

- Therefore, if the sweetener content of preserves is raised to this
figure or above, the product will be likely to keep indefinitely with-
out spoiling or fermenting. Sweeteners also preserve for a longer period
the natural colors of the fruit. All of the sweeteners are acceptable
from the standpoint of building up sweetener solids to prevent yeast
or bacterial growbth in jams, jellies, and preserves. It is true, of
course, that larger amounts of dextrose hydrate, corn sirup solids,
or corn sirup, than of dry sugar would have to be used to supply
sweetener solids, because of the smaller percentages of solids in the
corn sweeteners. Since a dextrose solution has greater osmotic
pressure than a sugar solution of equal density and the property of
entering the pores of the fruit more rapidly, the dextrose would have
greater preservative action. It has been claimed by some that use of
‘& combination of sugar and corn sweetener in preserving and canning
result in better preservetion of fruit colors and natural fruit flavors,
- better texture and other desirable product charscteristics. Adverse
- effects, however, have been reported when corn sweeteners were used,
with sugar, in excess of certain proportions.

In frozen fruits, one purpose of sweeteners is to seal the product
against contact with the air, thereby preventing oxidetion during the
interval required for the sweetener to penetrate the membranes of the
fruit. It is necessary for the sweetener to mix thoroughly with and
coat the surface of fruits before the freezing begins, if it is to

 constitute protection against oxidation and fermentation. - Sweeteners

- also aid in preventing excessive shrlnkage and in maintaining the natural
 flavor of most frozen fruits. There is some thought that a combination
of sugar and corn sirup results in less oxidation, better preservation
of color and flavor, and less shrinkage than when sugar alone is used.

15/ Meschter, E. E., dJam and Jelly Making, Food Industries,
June 1949, pe 67.
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However, use of corm sirup in greater than specified percentages seenm
to impart an objectionable dextrin-like flavor. 16,
In canned foods, the use of sweeteners is primarily for reasons

other than protection against fermentation, since this protection may
be obtained fairly well through pasteurization by heat and by packing
in air-tight containers. However, it is not unusual for canners to
take the extra precaution of using what is known as a "Canner's grade"
of sugar, which has been treated by ultra-violet rays or produced by
special care to reduce the count of thermmphilic bacteria sometimes
present in the sugar. The "Canner's grade" sugar is in demand by
packers of non-acid types of vegetables, but apparently there are only
a few canned food items in which spoilage due to this cause is a
particular problem. Apparently the acidity in most items, especially
the fruits, is high enough, together with the heat treatment, to prevent
the growth of any thermophilic bacteria present. However, canners who
use "Canner's grade" sugar in the non-acid vegetable items often use

it in all of their products to avoid handling two types of sugar and %o
prevent errors in using the wrong sugar in some item.

In canning fruits, some of the sweetener enters the pores of the
fruit and is exchanged for a part of the matural juices therein. TUse
of a sweetener also aids in preserving the color, flavor, and texture
of canned fruits. The greater osmotic pressure of dextrose solutions
is not as important in canning as in preserving. In caming it makes
little difference whether the exchange of sweetener for the natural-
juices of the fruit is fast or relatively slow, whereas in preserving
a rapid exchange is desirable. One of the primary purposes of the
sweetener in preserving is control over fermentation, while in canning
this control is achieved largely through other means.

Flavor - Presence or absence of flavor (other than sweetness) in a
sweetener, or imparted to a food product during the processing because
of some inherent quality in the sweetener, is also a major factor
affecting choice of sweetener. Highly refined sugar and dextrose have
no perceptible flavors other than sweetness. However, both these
sweeteners tend to bring out the natural flavors of fruits and many
other products. Grades of sugar which are not highly refined usually
impart some flavor other than sweetness. While the authors do not
know of any scientific literature relative to the subject, some food
processors reported that they had found that dextrose tended to impart
off flavors in certain processed food products. As a rule these reports
were received from processors who had used dextrose in relatively large
proportions. The dextrin content of corn sirup, especially the regular
and low conversion types, was reported by several users to have the
effect of masking delicate flavors of some products and, in some cases,
to impart an undesirable flavor to the end product. Several other
sweeteners, such as brown sugar, maple sugar and sirup, and sugarcane
molasses are used primarily because they impart certain desirable

16/ See below section on frozen fruit for more detailed discussion
of this point.
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flavors to a product. However, this attribute makes these sweeteners
objectionable for other uses.

Price Relationships

One of the most important factors poverning a food processor's
choice of sweetening ingredients is the price differentials between the
several sweeteners. Realization of the importance of price relationships
requires a basic understanding of the price structure for sugar and the
corn swesteners, how delivered prices of each are determined, and the
method used, if any, in gearing the price of one sweetener to another.

The Pricing of Refined Crystalline Cane Sugar - Refined sugar is priced
on a basing-point system, the base points being the seaboard cane sugar
refining points of Boston, New York, Philadelphia, Baltimore, Savannsh,
New Orleans, Sugar Land (Texas), and San Francisco. (See figure 17).

The prices of refined cane sugar are not always the same at all of

‘these base points but the differences are usually rather small. These

- prices are gemerally known as the "basis prices." Such approximate
uniformity of prices is due to the highly homogeneous nature of the
product and to the fact that for the Atlantic and Gulf refiners, the
sources of supply of a large percentage of their raw sugar are identical;
i.0., Cuba, Puerto Rico, and the Philippines. Because of this umiformity,
and because of the concentration of refining activity in the New York
City area, the seaboard refinery price of sugar sometimes is referred

to as the New York price. All further references in this report to
‘"basis price® or "New York price of refined sugar" should be construed
as being the quoted price at seaboard refinery base points. The usual
quoted price is in terms of 100 pound paper bags of standard granulated
‘sugar, with differentials being applicable to specialty grades and
smaller size packages. - o R S

‘The effective selling price of sugar is 2 percent less than the
- quoted price, because of the discount allowed for cash settlement

~ within 10 days. The price of cane sugar at any city other than the

refinery base points includes the basis price plus the freight charge
to that city. In addition there is & 3 percent transportation tax,

a one percent tax, and a 2 percent "compensation" charge. —/n

The freight cost plus these three charges is known as the "prepay."
A typical formula for determining the prepay for a standard carload
of sugar is arrived at as follows: : :

100% published freight rate

plus 1% tare (sometimes 13%)
plus  3.03% transportation tax (3% x 101)
104.03

100% « 2% (for net cash within 10 days) = .98
104.03 = 1064153

106,153 x freight rate = prepay

oy The 2. pefcézrt discount for prompt cash péynént is also applied to

" the prepay portion of the delivered price, thus the aforementioned
2 percent charge is made to compensate for this portion of the discount.
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Figure 17.- The map describes the basing zones as computed from rates in effect as of about May 6,1948.
Some over-all percentage increases have been granted since that time but in effect the general picture
remains essentially the same. In the map, zome 3 is served equally freightwise by New York and
Philadelphia. Likewise, zone 5 1s served equally by Philadelphia and Baltimore. The broken line
cutting zones 8 and 9 represents the points where freight costs from the Colorado beet district are
just about equal to the prevailing seaboard cane refinery prepeys. 2one 10 describes the territory
based freightwise on San Francisco. Actual selling and distribubing territories of the refiners,
of course, often are quite different from the basing poimt zones. :

Source: American Sugar Refining Companye.
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The location of the cane sugar refineriés, beet sugar processors, the
eight seaboard base points, and the approximate territories of lowest
freight for each of the base point cities are given in figure 1l.

Much of the cane sugar sold by an individual refiner is sold within
the areas where the freight rate from the refinery basing point to the
buyer's location is less than the freight rate from eny other basing pointe
In some territories more sugar is produced then can be sold in that area
by refineries located there. These refiners, therefore, must sell sugar
in areas closer freightwise to other refiners. The prepay charges on such
sales are determined not from the freight rate from the seller'!s refinery
location to the buyer's location but from the freight rate to the buyer's
location from the besing point nearest to the buyer freightwise. The
seller absorbs the excess of actual freight charges above those which
would heve prevailed if the sugar had been shipped from the refinery
nearest freightwise to the buyer.

The Pricing of Refined Crystalline Beet Sugar - None of the beet sugar
factory locations is a base point, but those in northern Celifornie are,
~ of course, fairly close freightwise to San Francisco. Historically,
beet sugar is quoted at a slight differential under refined cane sugar.
The quoted differential wvaries somewhat, but ordinarily is from 10 to 20
cents per 100 pourids. The price of beet sugar at any interior point is
the basis price of cane sugar less the differential, plus the "prepay."
The prepay is calculated on the basis of freight from the nearest
segboard cane sugar refinery to that point. Any prepay charges
in excess of those which would have prevailed on cane sugar shipped from
the nearest freightwise refinery are absorbed by the beet processor.
‘Likewise, if the actual prepey charges incurred in moving beet sugar from
a factory to a buyer's location are less than those from the nearest
freightwise seaboard cane refinery to that point, the beet processor
has a "freight pick-up.®™ Thus, a beet processor located in Utah or
- Colorado who sells sugar in 5t. Louis or Chicago must absorb freight
because the freight is less irom New Orleans to those two cities then
from any beet factory in Colorado or Utah. Conversely, on sugar sold
~in Denver or Salt Leke City by these beet processors there would be
8 freight pick-up to the extent that the freight from the factory to
these clities was less than thse freight from San Francisco, the nearsst
freightwise basing point to Denver and Salt Lake City.

The Prieihg of Liquid Sugar - Liquid sugar is priced on the basis of
the total sugar solids which it contains. Since most of the soluble
-solids in liquid sugar are composed of suorcse or sucrose and invert,
it commonly is sold on the basis of degrees Brix (a measure of the
percent of total weight compused of soluble solids)e All liquid sugar
of the sucrose sirup type and most of that of the partielly imverted
- type sells at a differential, on a solids basis, under the price of
grenulated sugars In general the differential is 156 cents per 100 pounds,
on & solids basis, under dry sugere




It is customary to deliver liquid sugar in tank trucks in those
metropolitan areas adjacent to the point of production. For deliveries
of this type, it is customary to sell on a delivered, prepaid basis,
with delivery charge based on the solids content. In this way the
delivery charge for 150 pounds of liquid sugar containing 67 percent
sugar solids is approximately equal to that for 100 pounds of dry sugar.
For shipments to destinations sufficiently removed from the point of
production to warrant shipments by rail tank cars, liquid sugar usually
is quoted f.o.b. refinery on a sugar solids basis. However, reilroads
assess freight charges on the basis of the total weight of the sirup,
and in some areas, the rate per 100 pounds of sirup is the same as for
100 pounds dry sugare. Thus, the delivered price to a ligquid sugar
user is the fsosbe refinery price of the sugar solids plus freight on
the entire weight of the sirup. To remain competitive with dry sugar,
the sellers of liquid sugar often fcllor the practice of absorbing
some of the freight charges on tank car shipmentse

For liquid sugar of the sucrose sirup type, the weight of the water

. is about one-third that of the emtire sirup. Therefore, the freight

cost per 100 pounds on & dry-weight basis on liquid sugar of this type

is about 50 percent higher than for dry sugar. As the degree of
‘inversion is increased, the ratio of solids to total weight of the sirup
is increased, and, of course, the cost of freight paid for water becomes
less. Obviously, the higher the freight cost becomes on the same

quantity of sugar solids, the sooner the discount at which liquid sugar
sells is dissipated. For example, for liquid sugar of the sucrose sirup

. type, the savings by the differential are just offset by the added freight
cost when the freight from refinery to destination on the weight of

100 pounds of dry sugar is exactly double the differential. With & 15-cent
differential, therefore, liquid sugar becomes more expensive on a solids
basis when the freight rate on the dry sugar is more than 30 cents per

100 pounds. .

To take a simplified arithmetical example, assume dry sugar sells
at $8.00 per 100 pounds and a frei§ht charge to destination is 30 cents,
making the delivered price $8.30. 8/ With a sucrose sirup liquid sugar
of 67 percent solids at 15 cents under dry sugar, the quoted price,
f.0sb. refinery would be $7.85. In order to get 100 pounds of sugar
solids in this type of liquid sugar, 150 pounds of sirup are required.
Assuming equal freight rates on sirup and dry sugar, the freight is 13
‘times as much, or 45 cents. Adding $7.85 and $0.45, a delivered price
of $8.30 per 100 pounds sugar solids is obtained or the same price as
the dry sugar in this example. If, of course, the differential of liquid
sugar under dry sugar is increased to 20 cents, the area in which liquid
sugar is equal to or lower in price than dry sugar is expanded to the
zone in which the freight per 100 pounds of dry sugar is 40 cents or less-
in other words to the zone where the freight rate is not more than twice
the differential in quoted prices of dry and liquid sugare.

18/ The 2 percent discount for net cash 10 days, possible freight
absorption, and other complicating factors are ignored in this example.
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The point at which it bedomes uneconomical for a manufacturer to
usé liquid sugar may not coincide with the point at which the delivered
price of sugar solids in the liquid sugar exactly equals the delivered
price of dry sugar. Economies of storage and in-plant handling may be
sufficient to warrant a user paying a somewhat higher price for liquid
sugar on a solids basis. And, as stated above, the produoers of liquid
'sugar often absorb some of the freight cha.rges. B

The Pricing of Dextrose - The price of dextrose generally 1s geared
~directly to the price of dry sugar, see figure 18, and the prevailing
prices at all points are arrived at in approximetely the same manner
as for dry sugar. The delivered price of dextrose at any point is the
delivered price of sugar at that point less & certain differential which
is usually constent for all points. lg/ Since seaboard ceme sugar
refineries are base points in sugar pricing, the dextrose price at
any interior point is this base price of sugar less the differential,
plus the prepay on suger from the nearest freightwise seaboard cane -
sugar refinery. However, in areas where beet sugar is sold, the
differential applies to the price of beet sugar. The differential
varies from time to time, but as & rule is mainteined et about 18 or 19
percent, or 85 cents to $1.00 under sugar. The highest New York
differential since 1935 was $1.60 in July 1948 and in February and
March of 1949. During the months July through September of 1946,
dextrose prices were higher than those of refined sugar.

Dextrose is produced at the interior points of Argo and Pekin,
Illinois; Roby, Indiena; Clinton, Iowa; Kansas City, Missouri; and
sometimes at Ceder Rapids, Iowa. Argo and Roby are within the Chicago
switching area and for all practical purposes, are herein considered
to be synonymous with that city. _22/ Since New York and San Francisco
are both sugar basing points, the price of dextrose at these cities is
simply the New York cane sugar price less the differential, the freight
from mid-western wet corn milling plants being absorbed by the seller.
In Chicago or St. Louis, the price of dextrose is equal to the delivered
price of beet sugar at these points less the differential. )

The Pricing of Corn Sirup -~ The delivered price of bulk corn sirup is
arrived at by adding the full freight rate to an f.o«bes mill price but
meeting the price of competitors where such price is arrived at in the
same mamners In effect, this is an feo0eb. mill price plus freight from
the mill nearest freightwise to the destination point. As illustrated
in figures 19 and 20, the price of corn sirup is tied to the price of
corn and not to the price of sugar as in the oase of dextrose. However,
the price of sugar serves to place an upper limit on corn sirup prices.
In other words, corn sirup prices fluctuate with the price of corn
except that the price of sugar sets a ceiling on the upward movement
of these fluctuations.

19/ Sometimes a special differentiel is in effect in e particular city in
order to meet & specific competitive situation. Also a uniform delivered
price of dextrose often prevails over a fairly large area, such 2s the
West Coaste i

?O/ There is e switching charge made for movement of dextrose from ihasa

~ plants to a Chicago users
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Figure 18,-=Average wholesale price of refined cane sugar, New York, net corn cost per
bushel to wet millers, Chicago, end average wholesale price of dextrose
hydrate, New York, Jane. 1935-Febe. 1942 and Jan. 1947~-June 1950,

A. Jan, 1935«-Feb, 1942 - The line of average relationship shows a rise of $0.81
in the price of dextrose for every rise of $1.00 in the price of sugar.

Jane 1947=June 1950 = A rise of $1,19 in the price of dextrose for every rise

of $1.00 in the price of sugar.

B. The scatter diagram for dextrose prices and the net cost of corn to the wet
miller shows very little relationship between the two.

Source: Appendix.

Tables 62, 63, 65
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Pigure 20,==Net corn cost per bushel to wet millers, chicago, average wholesale price of
refined cans sugar, New York, and average wholesale price of corn sirup,
42° Be, Kew York, Jan. 1936-June 1942 and July 1946-Dec. 1949.
A. The line of average relationship for each period--prewar and postwar-~shows a

rise of $1.81 in the price of corn sirup for ever

of sciv: ts the wet miller
B: The sgeatisr disgram for corn sirup and sugar shows very little relationship
between the prices of the +two sweetenars.

Soures: Appendixe

Tables 62, 64, 65
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Another factor which wet millers consider when pricing corn sirup

is by-product credits. The important item from the wet miller's stand-

point in pricing corn sirup is not simply the price he pays for corn but

the net cost of the corn’to him after subtracting from the cost of corn

the proceeds from by-products, principally feeds and oils (See figure 18).

Thus, a decrease in the price of corn may not result in a lower price for

corn sirup if the proceeds from by-product feeds and oils also have de-

clineds Since such feeds and oils are sold in competition with other feeds

and oils in general, and since dextrose prices are geared directly to sugar,
‘corn sirup end starch prices remain the primary ones which may be adjusted
‘to compensate for changes in the cost of corn. However, as stated previously,
~ sugar prices and not the net cost of corn set a limit on the upwerd move-

- ment of corn sirup prices. : . ' o

: Prices usually are quoted for 42 or 43° Baume regular conversion corn
sirups with differentials applying to sirups of higher and lower Baumé.
High conversion sirups sell at & premium over all regular and low-conversion
- types while low conversion sirups sell at a premium over the 42, 43 and 44°
Baumé regular corn sirup. The price differentials for corn sirups over
420 Baumé sirup prices are generally constant and epproximate the following:

Type of Corn Sirup R : Price
(Base price plus)

42° Bé Regular

43° Bé Regular 5¢
44° Bé Regular 12¢
Low conversion 15¢
45° Bé Regular 19¢
High conversion 35¢

The price differential between the highest priced corn sirup and the
price of 42° Bé sirup was less than 8 percent of the base price in 1948.
For a relatively smell additional sum, the manufacturer could select the
type of sirup which best suited his needs. On the other hand, it may be
seen in Figure 21 that the container differential and freight charges may
be more important factors in a manufacturer's decision concerning sweetener
usages In 1948, the difference between tank car prices and the price of
barreled sirup, carlots, averaged more than 23 percent of the base price,
tank cars, while freight and other charges between Chicago and New York
averaged between 16 and 19 percent of the Chicago base price. Clearly
then, the Chicago purchaser of corn sirup in tank car lots is in a
better position as a sweetener user than the Chicego purchaser of corn
sirup in other containers or the New York purchaser of corn sirup in any
container. Thus, the nearness of a menufacturer to the source of supply
and his ability to handle bulk quantities may determine, in part, his
usage of corn sirup as & supplement to sugar usage.

The Pricing of Corn Sirup Solids - Corn sirup solids prices are tied to
corn sirup prices. It takes approximetely 3.2 bushels of corn to produce
100 pounds of corn sirup solids, and only 2.5 bushels for 100 pounds of
corn sirup. Also, the production process for making corm sirup solids is
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Figure 21.--Average gross price of corn sirup, ummixed, 42° Bé. 9

by type of container, Chicago and New York, 1948

Source: Reports of Corn Products Refining Co, to U,S.D.4.
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more expensive than that for corn sirup. In pricing corn sirup solids,
‘the gemeral practice is to establish a mill price sufficiently above
the mill price for corn sirup to cover the added cost of ingredients
and processing, including a return on the investment for the required
processing facilities. However, the price of sugar again dictates the
upper limit on the mill price of corn sirup sclidse To remain
competitive, solids must sell at a discount under sugar.

Once a mill price for corn sirup sol1ds has been established, the
prevailing price at any point is the mill price plus freight to that
destination. Since corn sirup solids are produced in the mid=-west
(plents at Roby, Indiana; Clinton, Iowa and Keokuk, Iowa), the method
of arriving at delivered prices results in higher prices for seaboard
consuming centers like New York, Phlladelphla, and Sen Francisco, than
for interior points like Chicego or St. Louis. On the other hand, sugar
prices are lowest at seaboard sugar refining points, and in general,

" increase directly with the distance from the nearest reflnery. Therefore,
rigid adherence to the above method of arriving at corn sirup solids
prices would result in a significently greater differential between
sugar and corn sirup solids prices in Chicago than in New York.

Since corn sirup solids must remain competitive with sugar, it often
is necessary for the manufacturers of solids to sell in seaboard cities
“at a lower price than would result from application of the mill price
plus freights The lowering of corn sirup solids prices in seaboard
~and adjacent areas to meet sugar competition usually is achieved by

the manufacturers! absorbing freight rather than by lowering the mill
price. TWhile the net result to the sesboard user might be the seame

in either case, the manufacturer wants to maintain the mill price
relatlonshlp between sollds and corn sirup. :

Summing up, it may be said that (1) corn 31rup solids are prlced
f.0sbe mill at a price sufficiently above corn sirup to cover the costs
of added meterials and processing, and (2) that the delivered price is
kept sufficiently below sugar to meet the eompetltlon of that product,
often requiring the absorption of freight as sesboard sugar refinery
points are approached. Little direct attention is given to the

relationship between solids prices and dextrose prices and solids often
are priced above dextrose at seaboard points and below dextrose at
interior pointse.

The Relative Cost of Using Sugar and Corn Sweeteners

- Sugar and Dextrose -~ The quoted price of sugar, during the pre-war
period of 1935-39, averaged 99.2 cents per 100 pounds more than the

- quoted price of dextrose hydrate (New Ybrk) ‘The price differential

"~ between the two sweeteners after the discontinuence of sugar rationing

- averaged between $1.38 in 1948 and §l. 44 per 100 pounds in 1945. To the
extent. that sugar can be replaced pound for pound with dextrose, such
price differentials permit savings to be realized by the sweetener-using
~ manufacturer. However, in interviews with menufacturers of all types

- of food products, & large number of dextrose users indicated that it




wes necessary to adjust formulas for the moisture content of dextrose.

As shown in Table 1lu, when an adjustment for moisture is made on the

basis that dextrose hydrate contains 8 percent moisture, the cost of
purchasing the dextrose is increased to 109 percent of the quo ted

Price and the price differential between sugar and dextrose is considerably
reduced. -

Anhydrous dextrose, with a solids content approximeting that of
refined sugar, is often substituted pound for pound for sugar; however,
the anhydrous variety of dextrose averaged $1.05 per hundredweight
more than the quoted price of dextrose hydrate in 1948, resulting in
8 price which was higher than the cost of dextrose hydrate aftor adjust-
ment tror moisture content. '

Many manufacturers interviewed in 1948 and 1949 indicated that
adjustments were made for the lesser sweetening power of dextrose where
it replaced a portion of the sugar content of a food product. However,
if adjustment had been made for the moisture content of dextrose hydrate,
the savings from replacement of sugar with dextrose was such that sctual
percentage adjustment tor sweetness could not have exceeded 6 percent
in 1947 and 12 percent in 1948 and 1949. 1In other words, if dextrose
were substituted at a rate of more than 106 pounds (dry basis) in 1947
and 112 pounds (dry basis) in 1948 and 1949 21/ for 100 pownds of suger
to compensate for the lesser sweetness of dextrose, then any price
adventage of dextrose over sugar would have been eliminsted. Furthermore,
it has been estimated that dextrose hydrate is between 65 to 70 percent
as sweet as sugar. If adjustment is made on this basis then dextrose
would cost the manufacturer considerably more than sugare The values
attributed to dextrose solids are primarily the added body imparted to
the product, and the reduction of excessive sweetness when /desired.

In conclusion, if u manufacturer replaces dextrose for sugar,
pound for pound, then effective savings in sweetener costs per se are
realized; if a manufacturer adjusts for the moisture content of dextrose
(hydrate), then savings are only three-tifths those of the first
instance (1949); and, third, if adjustments are made to compensate fully
for the lesser sweetening power of dextrose a manufacturer makes no
effective savings in sweetener costs.

Sugar and Corn Sirup - The price differential between sugar and corn
sirup was greater in 1v49 than in the pre-war period; i.e. corn sirup
was relatively cheaper compared with sugar in 1949 than it was prior to
World War II. However, the price of corn sirup was 72 percent that of
sugar during the pre-war periode During 1949 corn sirup prices were

75 percent of sugar prices. The New York differential between the
quoted prices for refined sugar and the quoted prices for 43° Baumé
regular corn sirup, in barrels, averaged $2.00 per 100 pounds in 1949
as compared with $l.31 tor the years 1y3b-359 (See Table 11).

21/ Obteined by dividing the price differential between sugar and
dextrose (solids basis) by the cost of dextrose hydrate (solids basis).



Table 10. - Refined Sugar end Dextrose Hydrate: Prices and price
differentials per unit of solids content, 1935-49

. _ 1 Dextrose Hydrate 2/ Differential
Year Refined Sugar _/ Quoted Price Solids Price Quoted Price Solids Price
{dollars per cwt.) (dollars per cwte) (dollars per cwte)
1935 4.95 3.90 4424 1.05 .71
1936 4,79 : 3.70 4,02 1.09 77
1937 4.82 3.99 4.34 e «83 «48
1938 4.57 3.58 3.89 , .99 .68
1939 4.66 3.66 3.98 1.00 .68
1940 4442 3.51 382 .91 «80
1941 5.02 4.10 4.46 «92 «56
1942 5456 4,50 4.89 1.06 «67
1943 5.60 4,50 4.89 1.10 <71
1944 5.57 4,50 4.89 1,07 «68
1945 5.50 4,50 4.89 1.00 .61
1946 647 5.89 640 ‘ .58 «07
1947 8.29 7.18 7.80 1.11 «49
1948 776 6.38 693 1.38 «83
1549 797 6.53 710 , l.44 «87

y Refined Sugar - Gross price including tax, New York

g/'Dextrose Hydrate - Quoted Price: Gross price, New York
Solids price: Assumes 92 percent solids,
8 percent moisture



Table 1l. - Refined Sugar and Regular Corn Sirup, 43° Bé: Prices and price
differentials per unit of solids content, 1935-49

1/ CoSev. 43° 2/ Differential

Year Refined Sugar Quoted Price Solids Price Quoted Price Solids Price

(doIlars per owts) (dollars per cwt.) (dollars per cwt.)
1935 4,95 . 3.61 4,50 1.34 45
1936 4.79 3455 - 4.42 1.24 37
1937 4.82 3.90 4.86 .92 -.04
1938 4,57 3.1l 387 146 «70
1939 4.66 ' 3+08 3.84 1.58 . .82
1940 4.42 3430 4,11 1.12 «31
1941 5.02 ] 3.54 4,41 1.48 61
1942 5.56 : 3.75 4.67 l1.81 89
1943 5460 373 4465 1.87 «95
1944 5.57 4.05 - b.04 1.52 «53
1945 5.50 ) 4,27 532 1.23 «18
1946 6447 5.04 7 6.28 1.43 «19
1947 - BeR9 R 6.40 7.97 1.89 «32
1948 776 6475 : 8.41 1.01 -e65
1949 7497 ! 5.97 -~ Te443 2+00 «54

l/ Refined Sugar: Gross price, including tex, New York

2/ C.S.U. 43%; Gross price, New York. Solids content 80.3%.
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The coat of 100 pounds of 43° Be sirup, dry basis, equals
approximately 125 percent of the quoted price of 100 pounds of sirup.
Thus, the dry basis differential between sugar and corn sirup in
- 1949 was little more than one-fourth that of the quoted price differential.
For instance, the average price of sugar in 1949 was $7.97 while the
average quoted price of corn sirup (regular 43° Baumd) was $5.97 --
a differential of $2.00 per 100 pounds. When the quoted price of
corn sirup was adjusted to a dry basis (assuming 80.3 percent solids)
the average price for 1949 became #7.43 per 100 pounds, reducing the
differential to only 54 cents. Where a menufacturer wished to adjust
for the lesser sweetening power of corn sirup relative to sugar, this
could be done only to the extent of 7 percemt after an adjustment for
moisture had been made. Any adjustment of more than 7 percent would
eliminate the differential betwee% }he price of sugar and the cost
of corn sirup on a solids basis. L2

The above discussion has dealt n1th “the relatlve cost of using
sugar and 43° Ba umé regular corn sirup, in barrels at New York.
The cost of corn sirup to a New York manufacturer may be more or less
than the above depending on the following factors: (1) The density
of Baumd of the sirup, (2) the dextrose equivalemt (D.E.) of the
corn sirup which is used and (3) the container in which the corn sirup
is shipped. Figure 18 presents the average 1949 New York price
differentials between sugar and corm sirups of various Baume, D.E.,
end by type of shipping container. When the quoted price of corn sirup
is used in determining the price differential, each of the three factors
above contributes to the cost of corn sirup relative to sugar. In 1949,
the New York price differential varied between $1.70 per 100 pounds
for high conyersion corn sirup in barrels and $3.16 for regular corn
sirup, 42° Baume, in tank cars.

If a manufacturer considers the cost of the solids content only of
corn sirup in calculatlng the difference in price between sugar and corn
sirup, the Baume of the corn sirup loses most of its importance as a
cost factor. Then, on a solids basis, the dextrose equivalent of a corn
sirup and the type of shipping container determines the extent of the
price differential between sugar and corn sirup. The cost of the dry
substance, for instance, in 42° Bé regular corn sirup is higher than
that for ths other regular corn sirups and is. only less than that of
high conversion corn sirupe. (See Figure 2B). In 1949, the New York
price differential between refined sugar and corn sirup (dry basis)
varied bstween 24 cents per 100 pounds for high conyerS1on corn sirup,
in barrels, and $1.98 for regular corn sirup, 44° Be, in tank cars.

As shown in figure 22, when the cost of corn sirup is calculated on a
dry basis the container differential becomes of relatively greater
importance than for corn sirup on & quoted price basis. In 1949, the
differential between the quoted prices for tank car lots and barrels,
carlots, equaled $l.11 per 100 pounds, while the differential between the
dry#basis cost of tank car lots and barrels, carlots, varied from $l.32
to $le42.

22/ Obtained by dividing the price differential between sugar and corn
sirup (solids basis) by the cost of corn sirup (solids basis).
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) Price data available indicate that during nomal supply periods,
corn sirup is purchased more for its own inherent qualities than as a
sweetener replacement for sugar, since a manufacturer who replaces

- sugar with corn sirup (dry basis) for savings in cost, eliminates
those savings if he makes any adjustment for the lesser sweetening
power of corn sirupe. However, if a manufacturer's processes permit
him to replace sugar with corn-sirup pound for pound, dry basis
(mking no adjustment for the relative sweetening power of the two
products), effective savings can be realized, depending upon the scale
of corn sirup purchasing. The savings from tank car purchases of corn
8irup are much greater than those from purchases of corn sirup in
barrels, and to a lesser extent, are groater than those when purchases
are made in other containers. (The buyer's location, as has been
polnted out previously, may also have an influence upon his decision
as to the purchase of corn sirup for a portion of - h‘.ls sweetener
requiremnts.) : ,

Sugar and Corn Sirup SOIids - Price data. are e.vo.ilable on corn sirup
solids only for the years 1947 through 1949, The ayerage quoted prices
for sugar and solids, 1947-49 are compared belovr. '

Table 12. - Refined Sugar and Corn Sirup Solids: Prices and Price leferential,
1947-49

Year  Refined Sugar ¥ Corn Sirup Solids ¥  Price Differential

(dollars per cwt.) (dollers per cwt.)  (dollars per cwt.)
1947 8429 | 7.63 0.66
1948 Te76 , : Te26 .- 0450
1949 7497 - 6493 i ' 1.04

_]_./ Refined Sugar: Gross prioe, including tax, Neiv Yorke.
_/ Corn Sirup Solids: Prloe per cwb. oarloads, New YOrk.

 As stated prenously, corn sirup solid.s oonta.:.n ‘between 2.5 and 3.5
percent moisture. On this basis, the dry substance of corn sirup solids,
where adjustment was made for moisture content, would have cost between
- $7.11 and $7.18 in 1949 while the differential between sugar and solids
would have approximated thet of sugar and dextrosee. Although the quoted
price of corn sirup solids is much higher than that of corm sirup, the
dry substance cost is less than that of any corn sirup purchased in
barrels in carlot quentities. '
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FEDERAL AND STATE REGULATIONS

Introduction - Sweetener use in the manufacture of most processed foods
is markedly influenced by both Federal and 8tate regulations. The extent
of this influence over food manufacturers is of such importance that the
various food processors and related industries have recently established,
- staffed, and financed & Food Law Institute, designed to stimulate basic
instruction and research in_food laws or regulations as taught at
university schools of law. Ei/ At first, these regulations, which define
the type and frequently the amounts of sweeteners that may be used in
commercially prepared foods, leaned heavily in favor of sugar as an
exclusive sweetener. The general direction of the changes which have
besen made in these standards over a period of time has been toward
allowance of a much broader range of sweeteners. Although the principal
reason for most of these changes has been to permit usage of corn
sweeteners, many of the modifications have been much broader in scope.
For example, the food laws of many 8tates now permit the use of any
"pure, wholesome, and nutritive sweetener.™

This chapter refers to two sets of PFederal food standards: The
permissive standards issued by the Production and Marketing Administration
of the U. S. Department of Agriculture, and the mandatory standards
administered by the Federal Security Agency?s Federal Food and Drug
Administration.

In addition, most 8tates and some cities hawe regulations covering
permissible ingredients in certain food products. Some of the Btate
laws pertaining to sweetener use are as complete as those promulgated
by the Federal Govermment, while others contain only general provisions
on this subject. A few States in the latter category provide no funds
for the enforcement of such laws.

The Federal food and drug laws generally exert a greater influence
than U. S« Department of Agriculture or State regulations on a
manufacturer's choice of kinds and amounts of sweeteners used in cenned
fruits and vegetables, preservert!s items, and sweetened condensed milk.
The Department of Agriculture's permissive standards are now operative
in controlling a choice of sweetener in tinned amnd frozen products that
are not covered by Federal food and drug regulations. State regulations
are more influential in affecting sweeteners used for such products as
ice cream and soft drinks which are as yet not covered by either of the
two types of Federal standards. _2_4/ The roles which the regulations of
the Food and Drug Administration, the Department of Agriculture, and
selected 8tates play in influencing types and amounts of sweeteners used
in processed foods are discussed separately below.

23/ Food Field Reporter, December 5, 1949, page 38.

24/ In order that those who manufacture products covered by the

™ TPood, Drug and Cosmetic Act comply fully with the regulations,
they should read the standards in complete context, rather than rely
on the summarizations and interpretations given heree.
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Food and Drug Administration Standards

Camned fruits 2%~ The camned fruits for which Food and Drug Administration
standards are in effect include canned peaches, apricots, pears, cherries,
and fruit cockteile For each of these products, optional packing media

and the permitted range in density of packing media are prescribeds

For all these products except fruit cocktail, ten optional packing media

are ellowed as follows:

We.ter. , , e

Fruit juice (peach, apricot, pear, or cherry juice
to which no water has been added). ,

‘Slightly sweetened water. .

Light sirup. -

Heavy sirupe

Extrea heavy sirupe = = =

Slightly sweetened fruit juice.

Light fruit juice sirup. '

Heavy fruit juice sirup. :

Extra heavy peach juice sirup.

~~ N~
N

WO~ U ot
Nl et e e e et N e S

~
B Ao o o~

(=)

For each of these packing medie from 3 to 10, there is established a
permitted range in density, as measured by a Brix reading 15 days or
more after the fruit is canned. The range in demsity allowed for each
of the packing media varies somewhat by type of fruit. However, the
following densities permitted for canned peaches are typical:

Number of Packing Medium Density in Degrees Brix
3 and 7 Less than 14°
4 and 8 14° or more but less than 19°
5 end 9 19° or more but less than 24°
6 and 10 24° or more but not more than 35°

No sweeteners are used in optional packing media 1 or 2. Sweeteners
are used with water as the liquid ingredient in media 3 to 6, inclusive,
and with the juice of the particular fruit as the liquid ingredient in
media 7 through 10. Packing media 3 to 6, inclusive (those with weter
as the liquid ingredient), may be prepared with any of the following
sweeteners:

26
(1) 100% sugar or invert sugar sirup. 28/

25/ Based on Federal Security Agency, Food and Drug Adm. Definitions

~  and Standards for Food, SRA, FDO-2, Rev. 1, Dece 28, 1948, pp. 34-47; 60-68.

E@/ Invert sugar sirup is defined as "an aqueous solution of inverted or
partly inverted, refined or partly refined sucrose, the solids of which
contain not more than 03 percent by weight of ash, and which is color-
less, odorless and flavorless except for sweeteners." This, of course,
would include invert sugar and all grades of liquid sugar which meet the
ash requirement since even the sucrose type liquid sugar is partially
inverted. '
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{2) Sugar and dextrose, with not more than 1/3
the solids as dextrose.

(3) Sugar and corn sirup or corn sirup solids with not more
than 1/4 the solids as ocorn sweetener.

(4) Sugar, dextrose, and corn sirup, or corn sirup

solids, with twice the weight of the dextrose

~ solids plus three times the weight of the solids
of the corn sirup or corn sirup solids not more
than the weight of the solids of the sugare.
(From 1/4 to 1/3 may be in the form of corn sweetener,
depending on the relative amoumts of dextrose amd
corn sirup or corn sirup solids. The weight of the
solids of the sorn sweetener would approach 33 percent
when practically all of it is dextrose and 25 percent
when it is largely cora sirup or corm sirup solids)e

Packing media T to 10, inclusive (these with the matural fruit of the
juice as the liquid ingredient) mey be prepared with amy of the above
sweetening ingredients emcept that no invert sugar sirup mey be used and
corn sirup may be used only in the dried form (corn sirup =olids)e

The Food and Drug Administration regulations with respect to labeling
requirements for ocenned peeches, specify that the name of the sirup
 density as a packing media be indiceted. However, there are no require-

ments with respect to identifying the particular sweeteners usede

Cenned vegetebles = In canned vegetables, except for those few for which
specific standards exist, sweeteners are used essentially as seasoning
agentse Food and drug regulations permit the use of either sugar or
dextrose, or both, for this purpose, without any limitations on amounts
and with no requirements for label declaratione

Fruit preserves, jams, jellies, butters 3:’./- Food and Drug regulations
for pure fruit preserves, jems and jellies require that they consist of
not Tess than 45 parts by weight of fruit ingredients to each 55 parts
by weight of permitted sweeteners. The following optional saccharine
ingredients are permitted:

(1) Suger

(2) Invert sugar sirup

(3) Any combination of sugar and invert suger sirup

(4) Dextrose in combination with either sugar or
invert sugar sirup, or both.

(5) Corn sirup in combination with either sugar or
invert sugar sirup, both suger and invert suger
sirup, or with sugar, invert sugar sirup, and
dextroses In these combinetions the solids weight

- 27/ Ibide ppe 47-54,
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~of corn sirup cgﬁﬁdt;éxqéédrhg1f the,total
solids weight, and the solids weight of each

- other component of the combination cemnot be
less than 10 percéntjof,the,total‘solids weight.

(6) Honey

(7) Any combination of honey with sugar or invert sugar
sirup, or both, in which the solids weight of the
honey is not less than 40 percent of the total
~solids weight and the solids weight of each
component other than honey is not less than 10
‘percent of the total solids weighte

- When honey is the sole sweefeniﬁg-égent‘(obtion 6 above), the lebel

' must bear the statement "Prepared with homey." When either corn sirup or

honey is used in cqmbinaticn'with'other'sweetenersf(optian'5 and 7 above),
the label must bear the names of the component sweeteners in order of
predominance by weight. ' : g : ,

 Food and drug,régulations provideifﬁat;fruit'butteréfbé prepered with
‘not less than 5 parts, by weight, of fruit to each two parts, by weight
of sweeteners. 28/

The optional sweetening ingredients are:

(1; Sugar

(2) Invert sugar sirup

(3) Brown sugar

(4) Invert brown sugar sirup

(5) Honey

(6) Corn sirup

(7) Any combination composed of two or more of

optional sweetening ingredients 1, 2, 3, 4, 5, and 6.

(8) Any combination of dextrose and optional sweetener
ingredients 1, 2, 3, 4, 5, 6, or 7. 1If honey is a
component, the weight of its solids may not be
less then 40 percent of the total solids welght
of the cambination.

When honey or corn sirup is used as the single sweetening ingredient,
(options 5 and 6 above), the label must bear the statement "Prepared with
Honey" or "Prepared with Corn Sirup," as the case may be. When corn sirup
or honey, or both, are used in combination with other sweetening
ingredients, all the components of the combination must be listed on the
label in order of predominance by weighte

Eg/ Fruit butters mey be made without sweeteners if the seasoning ingredient
is composed of fruit juice or diluted fruit Juice; or concentrated fruit
Juice in a quentity not less than one-half the weight of the optional
fruit ingredient.
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Cocoa and chocolate products 9/ Insofar as confectionery items are
concerned, the Federal food and drug standards relative to sweeteners
apply only to the manufacture of eocoa and chocolate productse The
following discussion refers to the standards for sweet chocolate and
sweet chocolate coatings. Either all sugar, or combinations of sugar
with either or both dextrose and corn sirup solids are pemitted to be
used in these products, with no requirements for declarations of
identity on the label for any of these combinations. There are,
however, limitations on the amounts of dextrose and corn sirup solids
which may be used in combination wi th sugar. These limitations are as
follows: (1) Sugar and dextrose - not more than 33 percent of the
total sweetener as dextrose; (2} Sugar and corn surup solids -~ not more
then 25 percenmt of the total sweetener as com sirup solids; and (3)
Sugar, dextrose, and corn sirup solids = "...three times the weight
of the solids of the dextrose used plus four times the weight of the
dried corn sirup used is not more than the total weight of the solids
of all the saccharine ingredients used." This means that when the

3 sweeteners are used in combination, the weight of dextrose plus that
of corn sirup solids would approach 33 percent whem practically all
the corn sweetener is dextrose and 25 percent when it is largely corm
sirup solids. Only the anhydrous type of dextrose may be used. Homey,
molasses, brown sugar, or maple sugar may be used for flavoring purposess

Sweetened condensed milk 2/ -~ The Food and Drug Administration defines
sweetened condensed milk as ¥..sthe liquid or semi-ligquid food made
by evaporating a mixtwre of sweet milk and refined sugar (sucrose)

or eny combination of refined sugar (sucrose) and refined corn sugar
(dextrose) to such point that the finished sweetened condensed milk
contains not less than 2840 percent of total milk solids, and not less
than 8.5 percent of milk fat."

The only stipulation with respect to the quantity of sugar or sugar
"and dextrose which mey be used is that it be sufficient to prevent
spoilage. Condensed milks mey also be made with corn sirup or corn
sirup solids either alone or in combination with sugar. However, these
condensed milks cannot be called "sweetened condemsed but must have the
following nomenclature:

(1) 1If all corn sirup or corn sirup solids are used:
(a) Corn sirup condensed milk,

(b) Condénsed milk with corn sirup, er
(¢) Condensed milk prepared with corn sirupsk and

29/ Ibid. pp. 7-12.
20/ Ibide pe 30
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(2) If corn sirup or oorn sirup solids are oanbinad

- wrbh sugars:

, (a.) ~ percent corn sirup solids peroent sugar
~ condensed milk, .
(b) Condensed milk with percent corn sirup solids,
___percent sugar, '
(c) Condensed milk prepared with ’ pereen'h ecorn sirup
, solids, percon’l: sugar. , o

Frozen fruits 31/ - Federal food and drug sta.ndards currently are bemg

Tormilated for frozen fruits. While there are two types of containers -

household pack and bulk-size (commercial)--we are concerned here primerily

with the housshold pack. When frozen fruits are to be put up with a

~ dry pack, the proposed stendards would allow four op‘bions in swee'bening
ingrcdisnt or ingredients, as followss :

(1; Sugar only .

(2) Sugar and doxtrose

(3) Sugar and corn sirup solids

(4) Sugar, daxtrose, and corn simp solids

In combination 2, 3, and 4, the weight of the sugar shall be not less
than two-thirds the total sweetensr weight. When a liquid pack is used for
- frozen fruit, the proposed standards would allow use of these sweeteners:
~ Sugar, invert sugar sirup, dextrose, corn sirup solids, corn sirup, and
glucose sirups. When a liquid pack is made by using one or more of these
optional sweeteners, for most products the packer would have a choice of
four types of sirups with solids content, in degrees Brix, as follows:

(1) Heavy sirup - not less than 60°
(2) Medium sirup - 500 to 59.9°

(3) Light sirup - 40° to 49.90 -
(4) Swestsned water - 30 to 59 9°

i'br 1, 2, and 3 the 'bota.l solida oontent shall cons:.st of not less
- then two-thirds by weight of sugar or invert: sugar, or any mixture of
-these two metanars.

For the commercial packs. ——/of frozen fruits, tha propbsed Food and
Drug stendards would require.label declaration both as to the fruit-to-
“sweetener ratio and as to identity of sweeteners used. They also would
require listing the sweeteners in descending order of predominance by
weight. For packs destined for household use, the proposed regulations
prescribe label idemtification of sweetener used and indication of
whether a liquld or dry pack was used.

3_1/ Federal Seounty Agency, Food and Drug Adainlstratlon, Frozen Fru:.ts,
'~ Notice of Proposed Rule Making with Respect to -Definitions and Stendards:
of Identity and Stendards of Fill of Goz:talner,Fuderal Regilter Vol.15 sNos192,
October 4, 1950, pp. 6674-86. s
_/ Pecks used by bakers, ice cream producers, etc. in makihg products
o cenbalnmg frozen fruits.
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Ice cream, sherbets, and ices éé/ Pursuant to notices published in the
Federal Register of November 1 and November 19, 1941, a hearing was held
on proposals to adopt definitions and standards of identity for ice cream,
frozen custard, sherbet, water ices, and related foods. A tentative
order was not published because the War Food Administration hed issued
regulations restricting the use of some of the raw materials used in

the preparation of the above-described foods. Further action relative

to the promulgation of definitions and stendards of identity for these
foods was deferred until recentlye.

As proposed in the notice of hearing, the suggested standards would
permit these sweeteners in ice cream: sugar, invert sugar sirup,
dextrose, corn sirup, corn sirup solids, maple sirup, maple sugar,
honey, brown sugar, and molasses. In sherbets and ices, only these
sweeteners would be permitted: sugar, invert sugar sirup, dextrose,
corn sirup, end corn sirup solids. These sweeteners ocould be used
singly or in any desired combination of two or more.

As now drafted, the suggested standards would not net a maximum
or minimum sweetener content for any type of frozen dessert. However,
in the case of ice cream, the minimum total solids content, the weight
of the finished ice cream per gallon and the minimum butterfat content
are specified, and, under "Findings of fact," minimum nonfat milk solids
are taken into consideration. Thus, for ice cream containing & minimum
total solids and a minimum butterfat content, & maximum nonfat milk
solids comtent would tend to create a lower limit for total sweetener
content since this would be the residual portion of total solids
remaining in the average ice cream mix.

Bread éé/L The proposed Food and Drug Administration standards for

bread provide that in preparing a kneaded yeast-leavened dough, the

. following optionel sweeteners may be used: sugar, invert sugar, invert
sugar sirup, light-colored brown suger, refiner's sirup, dextrose,

honey, glucose sirup, corn sirup, corn sirup solids, nondiastatic

(dried) malt sirup, molasses (except blackstrap). The proposed stendards
would permit the use of combinations of two or more of these sweetensers
without limiting the percentage amount of any one sweetener, and would
establish no minimum emount of total sweetener.

In summary, Federal food and drug regulations always permit the
usage of sugar as 100% of the total sweetener but they often place
limitation on the amounts of corn sweetener allowed. A summary of the
offect of Food and Drug Administration regulations on usage of dextrose,
corn sirup, and corn sirup solids is as follows:

§§/'Federa1 Security Agency, Food and Drug Administration. Ice Cream,
Frozen Custard, Sherbet, Water Ices, and Related Foods; Definitions and
Standards of Identity. Notice of Hearing. ¥ederal Register Vol. 15,
- No. 152, Auge 8, 1950 ~-pp. 5112-21.

23/ Federal Security Agency, Food and Drug Administration. Bakery
Products; Definitions and Standards of Idemtity. Notlce of Proposed Rule
Making. Ibid. pp. 5102-12.



Canned’ Fruits

Canned
vegetables

Pure fruit

Preserves, jams

Ma

Dextrose

May be used only in

‘combination with

sugar or sugar and

other corn sweeteners.

not be more than
1/3 of total
sweetener

No limitation

May be used only
in combination

and Jellies

Fruit butters

Cocoa &
chocolate

with sugar or sugar
and corn sirup.

No maximum % of
total sweetener
specified.

Mey be used in com-
bination with sugar
or corn sirup,with

no maximum percentage
limit of total sweeten- combination with other

er specified.

Must be anhydrous

May be used only
with sugar or sugar
and corn sirup
solids and may not
be more than 1/3 of
sweetener.

Corn Sirup

,CornVSirup Solids -
Mey be used Mey be used only
with sugar in combination

or sugar and
other corn
sweeteners

with sugar or
sugar and other
corn sweetener.

May not be more May not be more

than 1/4 of

Cennot be used
when fruit juice
is the liquid
ingredient.

than 1/4 of total
total sweetener.sweetener.

Not permittod Not permitted

May be-used only
in combination with
sugar or with sugar
and dextrose.

Mey be not more than
half the total
sweetener.

When used, label
identification of all
sweeteners in order of
predominance is required.

When the only sweeten-

or used, label must say
"Prepared with com
sirup." When used in

sweetener,all must be
stated on label in
order of predominance.

Not permitted

Not permitted )

Not permitted.

May be used only
in combination with
sugar or sugar and
dextrose and may
not be more than
1/4 of total
sweetener.
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Dextrose
Sweetened May be used only in
condensed combination with
milk sugar with no limi-

tation on percentage

which it may constitute

of total sweebtener

- Frozen fruits
{proposed)

Dry Pack May be used in com-
bination with sugar
up to 1/3 of total

sweetener.

May be used in com-
. bination with sugar

end corn sirup solids,
but sugar must be not less

than 2/3 of total

(Glucose Sirups) Same as for corn sirup.

May be used in com-
binetion with sugar
up to 1/3 of total
sweetener.

Liquid Pack

May be used in com=-
bination with sugar
and corn sirup
solids, but sugar
must be not less
then 2/3 of total
sweetener.

Frozen Desserts

~ (Suggested) No limitation
Bread
(Proposed ) No limitation

954135 0—51 7

Corn Sirup

Corn Sirup Solids

Not permitted Not permitted

Not mentioned
with dry pack.

May be used in
combination with
sugar but cannot
exceed 1/3 of total
sweetener.

May be used in com=-
bination with sugar
and dextrose but
sugar must be not
less than 2/3 of
total sweetener.

Vhen fruit is packed
in bulk-size con-
tainers to be used

in the preparation
of other food
products, may be used
as all the sweetener.

May be used in May be used in com=
combination with bination with sugar,
sugar up to 1/3 but sugar must be
of total sweeten- not less then 2/3
er. of total sweetensers
Vhen fruit is

packed in bulk-

size containers

to be used in the

preparation of

other food pro-

ducts,corn sirup

may be used as

all the sweetener.

No limitation

No limitation

No limitation No limitation
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Although Federal food and drug regulations seem to limit corn
sweetener usage to many food industries, such limitations are, in
general, well within the accepted practices of the various sweetener-
using industries. There are instances, however, where ell or certain
portions of an industry would like to see certain provisions altered. -
A case in point is the labeling requirement for corn sirup use in
preserved items. Many preservers would prefer to have the regulations
permit 25 percent corn sweetener without lebel declaration than 50
percent with label declaration. 35/ 1t will be noted that the regulations
‘are generally much more restrictive with respect to the usage of corn
sirup than for dextrose. This restrictiveness on corn sirup is
reflected either in disallowing its use in a product or by permitting
it to be used but as a lower percentage of total sweetener than is
allowed for dextrose. Also, labeling requirements for corn sirup are
somewhat more stringent than for dextrose, specifically regarding
_ preserves and condensed milke. T '

~ United States Department of Agriculbture Standards Eﬁ/

The standards for grades of the U. S. Department of Agriculture,
Production and Marketing Administration differ from Food and Drug
Administration reguletions in that they are permissive rather then
- mandatory. If, however, a food processor packs his product under
continuous Govermnment inspection and uses the U. 5. grade statements

- on the labels on his product, he must, of course, meet the requirements

~ of the grade stated on the label. The U. S. Department of Agriculture's

- permissive standards do not conflict with the Food and Drug Administrationts
mandatory regulations. — &

The USDA standards may be divided into five groups, insofar as
-sweetener usage is concerned: Products for which Food and Drug
Administration Standards are accepted, products with or without any
sweetener, products with or without sirup, with or without sugar or
sirup, and with or without sugare

Products for which Federal Food and Drug Standerds are Accepted -
For many products, sweetener provisions of the USDA stenderds are
merely an acceptance of Food and Drug Administration regulstions.
Included in this category are almost all the preserved items and the
following canned fruits and vegetables: Apricots, cherries, fruit
cocktail, peaches and pears; beans, beets, carrots, corn, succotash
and sweet potatoes.

Products With or Without any Sweetener - The U. S. Department of
Agriculture stendards allow many procucts to be processed with or with-
out any sweetener. Camned items in this category include: Grapefruit
Juice, orange juice, orange and grapefruit juice, tangerine Juice,

35/’A¢ the  January 1951, Food and Drug hearings on the standards
for preserves, this recormendation was made for changing the existing
standards.

36/ This discussion of USDA standards is based on standards in
effoct on January 1, 1951. Full informetion with respect to the standards
for eny product can be obtained from Processed Foods Standardization and
Inspection Division, Fruit and Vegetables Branch, PMA., USDA,Washington
25, Ds Co



pineapple and pineapple juice. Frozen items include: Berries,
(strawberries, raspberries, blackberries, boysenberries, etc.),
cherries, grapefruit, pineapple and concentrated orange juice.

No restrictions are placed on the kind of sweeteners which may be used
" in either the canned or frozen items which U. Se. Department of
Agriculture standards allow to be packed with or without any sweetener.
No amounts of sweeteners are specified for the frozen items. A
minimum brix is established for each grade of the canned juices, and
certification to grade is required to indicate the demsity found to

be present in the samples tested.

Products With or Without Sirup - TUSDA standards permit several -
products to be processed th or without sirup," with the sirup not
defined as to type or composition. These include cenned apples, figs,
and plums. Except for apples, the standerds specify minimum brix

for sirups of varying density which may be used for these products.

With or Without Sugar or Sirup - For a few frozen items, U. S.
Department of Agriculture standards specify, with respect to sweeteners,
that they be processed "with or without sugar or sirup." Included in
this group are apples, apricots, peaches, and rhubarbs. Since sugar

is not defined as to source or type, and since no restriction is

placed on the type of sweetener placed in sirup, U. S. Department of
Agriculture standards affect the type of sweetener used only to the
extent that they should comply with requirements of the Food and Drug
Administration.

With or Without Sugar - For a few products, the Department of Agriculture
standards formerly specified that they be processed "with or without
sugar,” and sugar was defined as sucrose. These included canned
blackberries, blueberries, raspberries, grapefruit, grape juice, and
peas. Use of any corn sweetener was thereby prohibited in these

products by Department of Agriculture standards. However, the term
"sugar" has been changed in some instances to read "sweetening
ingredient."

State Food Regulations

Most States have food laws or regulations, applicable to specific
food products processed for sale within the State, which contain
certain provisions with respect to types or amounts of sweeteners used.
These laws may be supplementary to or in lieu of Federal regulations
for a given product, or may be in direct opposition to Federal standards.
If no Federal standard exists for a specific product, the State laws
form the basis for establishing sweetening requirements, even if the
products enter interstate commerce.

In connection with this study, a resume has been made of the
sweetener provisions of food standards for the following States:
California, Colorado, Georgia, Illinois, Iowa, Louisiana, Massachusetts,
Michigen, Mississippi, New Hampshire, New Mexico, New York, Ohio,
Oregon, Pennsylvania and Wisconsin.



In instames where a food produot is covered by a Federal food
and drug standard, the me jority of these States were found either to
adopt those standards or to make it permiae;ve for administrative
officers to use them as a basis for enforcement. A few States have
1little, if any, published State regulations and rely almost completely

- on Federal regulations. If most of the processed foods consumed in

& State are produced outside of such State (and consequently fall

- under the Federal standards because of their entering channels of

interstate commerce), there is little ‘necessity for State. regulations.
New Mexico is a good example of a Sta:be in this oa‘begory. 37/

States in which a large volume of sweetener-contalmng foods are
manufac tured, may have a similar dearth of their own laws relating to
the processing of foods simply because the Federal standards have been
accepted as the basis for State regulations over such a long period
- of time. New York is a good example of this type. 38/ Two of the 16

States, Pennsylvania iQ_/and Wisconsin, 40/ do not accept the Federal
Food and Drug stenderds, decreeing that only statutes passed by their
own regulatory authorities are va.lid uithln 'bhelr borders. o

. A few oi:hers have no provisione in Sta.te la.we for accepting or
: V'rejecting the Federal standards. o AN ,

- Several 1nterest1ng examples of 1nconsietemy occur in the State
- food regulations studied. In one State the regulations prescribe that
" no food regulation in the State can be more stringent than, nor
conflie'b with, the Federal food and drug standards, but at same time,
another part of the statutes in force prescribe that the State enforce-~
ment agency is required to accept the Federal food and drug standards
except where they conflict with the State law. In another case, a
State®s food regulations of 1942 provide that "sugar alone is permitted
as a sweetening agent," while its 1948 regulations permit the use of
any "pure, nutritious, wholesome sweeteners;" yet both are in effect

~at the present time. The situation is no doubt resolved by the

enforcement of the 1atter ‘rather than the former regulatmn.

_3;7/ New Mexico Lews of 1927 as. amended, Chapter 97 s Seot:ion SA, '
Paragraph 8; and Section 8E, Paragraphs 1-3, inclusive. ,
o §_§/ New York Department of Agriculture s;nd Markets. Agriculture -
and Market Law. Circular 670 - 1943, p. 4, 15, and 16. '

39/ Pennsylvania Ice Cream Law, Act of 1983. P.L. 1116 as a.mended'
by Act of June 5, 1937, No. 350. P.Le. 1672. Sec. 1. Also Pennsylvania
General Foods Law, Act of May 13, 1909 (P.L. 520) as amended by the
Acts of April 26, 1923 (P.L. 88). lhy 22. 1955 (P.L- 899) a.nd the
‘Act of Jume 1, 1937 (P.L. 1127). ,

- 40/ See Wisconsin Statutes, 1947, Ch. 97, Dairy Food and Dr'ugs.
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Some Stete laws operate speoifically to prohibit the inclusion of
certain sweeteners in a producte For example, in Wisconsin where
Federal laws are specifically rejected, the State law requires the
use of only sugar (sucrose) in canned fruits. Apparently the Wisconsin
laws are enforced, since the fruit canners surveyed in that State
reported using all sugar. It is interesting to note that in Pennsylvania,
where Federal food end drug standards are specifically rejected but
where there is no State statute covering canned fruits, the fruit
canners surveyed all reported using both dextrose and sugare.

Of all the State regulations governing sweetener use analyzed in
connection with this study, those pertaining to ice cream and soft
drinks appear to be the most significant in affecting competitive use
of sweeteners. This is largely because these products are not yet
covered by a Federal food and drug standard. 41/ For the 16 states
for which the food regulations were analyzed, a brief digest has been
made of the sweetener provision with respect to ice cream and soft
drinks.

Ice cream - In New Mexico 42/ and New York, &5_/ the laws speeifly
Teugar® but do not specify the type (cane, beet, or corm), while in
Massachusetts }_4_/ sweetoeners used in ice oream are limited to sugar
only and sugar is defined as sucrose. However, there appeared to
be no emforcement of the Massachusetts regulation as 75 percemt of
all ice cream firms contacted in that State were found to be using
one or more of the corn sweeteners along with sugar.

_4_1/ See page8ly; for e discussion of the proposed Federal standards
for ice oreame There are no proposed Federal standards currently
under consideration covering soft drinks.

42/ New Mexico Dairy Commission, New Mexico Dairy laws; Rules
and Regulations governing the Operation of Cream Stations, State Col.
New Mexico, Sept. 1937. -

43/ N. Y. Depte. Agrice. and Mkts. Artiocle 4A of the Agriculture
and kets Law Relating to Frozem Desserts. Circ. 673. Albany.
April 1, 1948, Sec. 71A, pe.8e

:1_4/ General Laws of Magsachusetts - Chapter 94, Section 65G=653,
inclusive, 88 amended by Chapter 373 of the (Mass.) Acts of 1934.
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Iho Mioh:lgan Toe Cream Law spooiﬁu that oithor augar or honp
be used and does not define sugar. However, a Michigen law of 1881
relative to adulterants in food products specifies that no glucose
~ or grape sugar be used without label declaration of kind and amounts
~ of these sweeteners which the food contains. i§/ The latter law has
" never been repealed. The remaining 12 §tates expressly permit the
use of any of the corn metenora as wall as sugar. :

Most of 'l:he State laws governing 1co cream a.nd other frozen
desserts rarely have anything to say about the percentago of total
woight of product which shall be oamposod of sweeteners. However, .
the amounts uded are controlled indirectly since the minimum weights
of butterfat and total solids are usually stipulated. While some
State ice cream laws spell out the required minimum percentage of

both milk solids non-fat and butterfat, the regulations are more

- likely to specify the percentage of totael weight of product which

must be comprised of food solids and the proportion of this which

must be butterfat, leaving the balance to be distributed between
milk~s0lids, non~fat and sweeteners at the disseretion of the manufacturer.

The minimm percentage of total solids in ice cream usually
specified in the State laws analyzed, ranged from 33 to 39 percemt,
while the minimum butterfat requirements were normelly from 10 to 14
percent. There appeared to be no relationship between the minimum
butterfat specifications and the amount of sweetener used. That is,
whether a State law required 14 percent or 10 percemt butterfat did not
appear to influence particularly the amount of sweetsners used.
Instead, the manufacturers were more inclined to adjust milk-solids
non-fat rather than sweetener to stay within the minimum percentage
of total solids and butterfat as specified by State law, and to provide
the desired baleance in the finished producte

In most States ice cream manufacturers are free to utilize any
suitable carbohydrate sweeteners - either as a result of new, rewritten,
or amended laws containing & liberal list of acceptable sweeteners or
the non-enforcement of restrictive laws. Some States are awaiting the
promulgation of the Federal law before passing State legislation on
the subject, in order that the two may be in agreement. Meanwhile,
in many States enforcement is based more on realistic practices in the
industry than on adhering strictly to the letter of out-moded legis-
lation.

Soft drinks - The manufacture of soft drinks was not found to be as
uniformly covered by State food regulations as was ice creem. Only 6
out of 16 States surveyed were found to have specific regulations

45/ Michigan Dept. of Agr. Laws Relating to the Departmemnt of
Agncul‘cure, Leanging. 1943, Ast No. 222, p. 139 and Act No, 254,
Ppe 26-274
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covering permissible or required sweeteners for this type of product. ég/
Others prohibit the use of saccharin in soft drinks while some have
general laws pertaining to all food products. All of the State soft
drink laws analyzed permit the use of at least one of the corn sweeteners

46/ Illinois, Louisiana, Michigan, Ohio, Pemnsylvania, and Wisconsin.
For details of these regulations, see:
5/ Illinois Laws with Regulations and Standards Enforced by the
Division of Foods and Dairies of the Depariment of Agriculture.
Chicago. 1949. page 89.

B/'Louisiana State Board of Health. Bottled Water and Other Bottled
Carbonated Beverages. Reprint from Quarterly Bulletin. Baton Rouge,
September 1945. chap. 4.

2/’Michigan Depts Agr. Laws Relating to the Department of Agriculture.
Lansinge. 1943. pages T1l=76.

g/ Chio General Assembly. Amended Senate Bill No. 190. Columbus.
May 1949. ‘
Ohio Food and Dairy Laws and Sanitary Regulations and Standards.
Amended Regulations 24 and 25. March 18, 1949. page 198.

o/ Pennsylvenia Department of Agriculture, Bureau of Foods and Chemistry.
Title II, Ch XVI. Standards for Non-Alcoholic and Carbonated :
Beverages and Still Drinks. Article 1602. Carbonated Beverages and
Still Drinks Law. Public Law 730 as amended, Sec. 5e

£/ Wisconsin Department of Agriculture, Wisconsin Statutes 1947.
Chapter 97, Dairy Food and Drugs, Sec. 97.09, Regulation of
Soda Water Bevereges.
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though the statutes of Pennsylvenia limit their use to dextrose.

Of the 6 States having specific regulations containing sweetener use
in soft drinks, all except two (Louisiane and Wisconsin) specify the -
minimum percentage of sweeteners which must be used. The minimum
percentages are 8 percent by weight for all the States except Illlnols,
where only 5 percent is required.

) Information obtained from interviews with soft drink'manufaoturers,
and analysis of a representative group of State laws governing the

use of sweeteners in these products, indicate that existing legislation

on this subject ordinarily does not affect significantly the choice

of sweeteners. However, as soft drink standards are rewritten, or

as States add a standard covering these products for the first time,

‘the portions describing permitted sweeteners are generally broadened

sufficiently to place no restrictions on the use of sugar or any of

the corn sweeteners. This breadth of policy frequently is achieved

by a general statement in the regulations permitting the use of any

pure, nutritious, wholesome carbohydrate sweetener, rather than neming

each one specifically. OSimilerily, where minimum percentages of

weight on & dry basis are stipulated, they generally reflect the

lowest amounts which have been found by good industrial practice to

be consistent with an acceptable product.
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SURVEYS OF MAJOR FOOD-PROCESSING INDUSTRIES
Baked Goods

Purpose of Sweeteners in Bread - In bread making, sweeteners are
used primagiy to facilitate the leavening process through reaction with
~the yeaste The carbon dioxide gas produced by fermentation raises the
dough and is largely instrumental in giving proper volume and texture to
the loafe Flavor, color, and bloom of the loaf result partly from carameli-
zation of the natural and added sweeteners when subjected to oven heat.

William Jago, whose writinﬁs on bread-making have been extensively
used as tests in this industry L7/, has observed that:

"Tf we abstracted all of the sugar contained in dough

(and also all substances capable of being converted into
sugar by the addition of yeast and water to flour) without
touching the other constituents, the addition of yeast
would not produce any gase Everything would remain quiet
until the moment when signs of a more or less advanced
putrefactions showed themselves, Yeast, on being sown in
the solution of sugar and water, sets up fermentationm,

but in the absence of sugar no fermentation can occur,

", « o If it (the sugar supply in a mix) is too low, gas
supply at the final stages of the process of bread-making
will be inadequate, and if teo high, there will be
excessive maltose and dextrin in the bread, resulting in
loaves with high crust colour, bad texture and poor crumb
colour, together with gumy streaks and cores in the loaves
and, in very bad cases, collapsing of the structure of

the loaf."

A rather large part of the sugar used by most bakers in making
bread is not retained in the finished product but is lost in the leaven—
ing processes It is estimated that from one to two parts of sugar to 100
parts flour are required for the leavening process. Therefore, the
residual sugar in the bread is roughly the amount by which a baker!s use
of sweetener exceeds this amount, It is generally agreed that a sweeten-
er's contribution to sweetness, per se, is not of primary importance in
bread baking. However, sweetening agents do contribute to the over-all
flavor and aroma of bread, either directly by contributing some sweetness
or indirectly through their effect upon other constituents. 48

_lg/ Jago, Williame An Introduction to the Study of the Principles
of Bread Making. (Revised and extended by Daniel, Albert R,) London,
MacLaren and Sons, Ltde 1946. ppe. 87,88,104.

g_B/ Series of continued articles under various headings relating to
the Bread Winner 6-8-6 Program, in Bakers Weekly. dJuly 25-October 3, 1949
Kirkland, Johne The Modern Baker, Confectioner and Caterer. Londone
The Gresham Pube Cos, Ltde New and Reve Ede 1927. ppe 48-L9.
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~ As technicians of the American Baking Institute pointed out during

the interviews,breads can be made without the use of any sweetener, a

~ at least with amounts Tar below usual baking practices in this country,

as witnessed by the excellent breads of most European countries which

- utilize almost no sweetener in comparison with that used for the American
‘product. However, the natural sugar content of most European flours is

- sufficient to assure adequate fermentation, making necessary the use of

- little or no added sweetener. Similarly, it is necessary to add less
sugar to American whole grain bread than to white bread, because of the
dearth of natural sugars in most types of flours used in the latter,
Almost no sugar is required in making rye bread because of the high
natural sugar content of rye flours = N

- Whole grain flours run about 2.6 percent by weight of total sugars -
primarily sucrose with traces of dextrose - while white, or patent flours
~contain only about half that amount. In his discussion of baking prin-
ciples and practices, Mr. Bennion, one of the well-known British authori-
~ties on bread-making 49/, reports that sugar "in the form of sucrose and
invert sugar (the latter constituting about 1/10 of the former) are
present in most flours to the extent of 1-1/2--2 percent, per 100-1b,
~ sacke" British research would indicate that this constitutes ample sugar
- for the yeast to act upon in producing all of the gas necessary for the
‘proper aeration of bread, both in the dough and the finished loaf. '
Research in the United States also indicates that North American flours
contain anywhere from about 1 percent sucrose and invert sugar in patent
flour to L percent in the grain and whole wheat flour, the invert sugar
~ content amounting to about 1/10th of the sucrose present. 50/ Bennionm
points out that flours which contain excessive sugars tend to reduce the
water-absorbing power of the dough and exert a softening action on the
- gluten, whereas flours deficient in sugar (generally these obtained from
- white wheats), produce bread which is close in texture, deficient in bloom,
and bake out to a dull, greyish color unless substances like the malt pro=-
- ducts, additional sugar, or dextrose are added to the mix to bring out
‘desired baking qualities. R

- It is necessaéy for the enzymesrﬁséjdf in b,:"e’iad baking to convert
~the natural or added sucrose and maltose presenmt in a bread mix in in-

- vert sugar or dextrose before fermentation can become effective. Of

. ~these enzymes, invertase, maltase, and zymase are the most important,
- Their functions are as follows: ST =il

Invertase - changes the sucrose which is Pré,sént e:ithér in the
- grain itself or as an added ingredient, and which is

~Ly/ Bennion, Edmind B. Bread Making, Its Principles and Practicess
London. Oxford Unive Press 1929¢ ppe 9, 10,°13, e

L _5%/ Winton, A, L. and E. B, The Structure and Composition of Foods.
N.Ye John Wiley and Sons, Ince 1932. Vol 1, p. 251, - T
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not directly fermentable by yeast, into invert sugar
which is fermentable.

Maltase = converts malt sugar, or maltose, present in the mix
into dextrose.

Zymase = A fermenting enzyme that changes the invert sugar
and dextrose resulting from the action of invertase
and maltase into carbon dioxide gas, alebhol and
small amounts of other substances,

While malt as such is not normally a constituent of flour, the
latter always contains maltose sugar and enzymes identical or similar
to those found in malt. Bakers reported that it is generally added to
a dough mix in the form of malt flour or as a concentrated malt product
(in sirup or dehydrated form) derived from barley and other grains and
possessing either diastatic or non-diastatic properties. (Where it has
been prepared at low temperatures, it contains active enzymes and is
known as diastatic malte If the enzymes have been largely killed off
from processing at higher temperatures, the malt is referred to as being
non-diastatic.) It is used in bread-making to liquefy some of the starch
contained in the flour and then convert this liquefied starch into
maltose sugar and dextrins, in preparation for the feeding of yeast
and its enzymes. Bakers and food technologists indicated that use of
both the diastatic and non-diastatic malt sirups in amounts approxi-
mating 1 percent of the weight of the dough mix, promotes a vigorous
and healthy yeast action in the dough because the maltose sugar released
through their presence is fermentable, after conversion to dextrose, and
because the soluble proteins and matural mineral salts contained in them
serve as yeast nutrients. EI/ These malt sirups, therefore, are said to
help produce doughs with good oven spring, and loaves with an even, uniform
grain and velvety texture, whose crust is rich in color from ready carameli-
zation and which stay fresh for a long period of time,

The Purpose of Sweeteners in Cakes = In making cakes, the sweeten-
ing agents! ctions are somewhat similar to those employed in baking
breads, in that sweeteners help to provide a leavening effect and control
texture, color and crust, However, in cakes their importance as dough
conditioning or fermenting agents is secondary to their primary function
of providing sweetness and flavore. They also have much to do with the
many chemical and physical conditioners which combine to produce a desired
quality of product. The amounts. and types of sweeteners used have a
direct bearing on texture, color, crust, and market values Same of the
sweeteners used in cakes, especially those in sirup form, also impart
their own characteristic aroma and taste to the producte

51/ Standard Brands, Inc., Fleischmann Dive Fleischmann's Part
in Ba g Bread. N.Y, 191.‘7- PPe 3, 13, 1)40
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Amounts of Sweeteners Used in Breads and Cakes - Before discussing

the types of sweetener used in bread and cakes, attention is directed ,
~ toward the amounts used, somewhat regardless of type. The method common-

- 1y used to indicate amounts of sweetener used in baked goods is to ‘express
such quantities in terms of the ratio of sweetener weight to flour weighte
Using the flour weight as 100, therefore, the sweetener weight can then
be expressed in terms of percentages. In Table 13 are summarized the
average percentages of sweetener weight to flour weight for the more
important types of bread and cakes, as reported ‘by the bakers surveyed '
in connection with this study. ST S

k Bread - It will be noted from Table 13 that the amount of sweetener
used in white bread is somewhat higher than in whole wheat and raisin
bread and much more than is used for rye bread. As indicated above, one
of the principal factors responsible for use of a higher percentage of
sugar in white breads is the relatively low natural sugar content of

- most of the flours from which white bread is mades

The amount of sweetener used in breads was reported by bakers to
have a direct bearing upon the volume, symmetry, crust color, cellular
structure and texture of the loaf and upon the eating, toasting and
keeping quilities of the producte Bread bakers who reported the current
use of anywhere from 7-10 percent total sweetener in white breads
(17 percent of firms interviewed) indicated that a higher sweetener
content in bread improved the texture, color and flavor of the loaf
itself, (especially when used in the form of toast) and reduced the
time required for proper fermentation of the dough., In this respect,
some baking technicians felt that the increased amounts of sugar in
bread making provide a greater measure of control for what is known as
"fermentation tolerance," or the limits of time during which a dough
must be allowed to ferment to insure best results, For instance, in
a lean sugar formula, the time of fermentation must be watched very
carefully or the wolume of leavened dough will be low, the texture
coarse, crust color unattractive, flavor and aroma undesirable., In
such a sitvation they termed the dough "eritical," meaning that it has
a narrow margin of safety within which proper fermentation will develop.
On the other hand, if the sweetener content is doubled, without any
other change in the formula, they reported that the fermentation of the
dough may be stopped at either three hours or four and a half hours with
equally good results, because of a considerable extension in fermenta-
tion tolerance, 52/

Until the recent war, with the resultant rationing of sugar and
allocation of corn to wet millers, bakers had been gradually increas-
ing the sweetener percentage in most breads. For example, at the
beginning of the current century the total sweetener content for stand-
ard white bread mix was only 1 to 2 percent. By 1940, however, proportions

. 52/ Corn Products Refining Co. Sugars in Bread Baking - N.Y,. PPe 6, Te
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Table 13, Sweetener Content of Bi'ead, Rolls, and Cakes, by type, 1948

Pereenta@gf 'le}nght of Sweetener to Weiggb of Flour

Average Range
Low High

Bread

White 6 2 10
Whole Wheat 5 2 12
Rye 2 1l 7
Raisin 5 2 16
Rolls 8 2 16
Cake

Batter %/ 115 95 Ly
Sponge 161 55 350

y Includes Golden, White, Pound, Layer, Fruit, Spice and Butterscotch
2/ Includes Checolate, Angelfood, Sponge, and Devilsfood
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‘up to 8 percent were usual and 10 percent was not uncommon, This trend
toward higher percentages of sweetener, especially in white breads, appears
to be a result of a drive for softness and tenderness in bread texture, to
make breads more cake-like in character. During the war years, however,
the percentage dropped drastically, with 2 and 3 percent being the rule.

‘The sweetener content of many bread bakers'! formulas have been only
partially restored to prewar levels. In a recent series of articles %2/ .
one of the principal trade journals of this industry, "Bakers Weekly,m

- has been urging bakers to use larger amounts of sugar, milk and shorten-
ing, not only to feed the leavening process, but to increase the flavor,

-palatability, and nutritive value of bread, and to produce a softer or

- more tender texture. The white bread formulas containing higher ratios
~of sweeteners were consistently scored higher on abasis of symmetry of

- loaf, bloom, volume, consistency of crust, color of crust and crumb, R
texture, grain, aroma, taste and eating quality. These results were recent~
1y summarized as followss o N B o

~ "(1) 1In all of its dharacteristic_s*rbread shows a marked improvement
~as the sugar or sweetener content is increased from l percent to 8
percent. P : E T O '

(2) The quantity of residual sugar becomes greater, ﬂhiqh*is '
reflected most specifically in the color of the erust of the
~bread and to a lesser measure in the crumb structures, =

(3) A1l of the scoring properties emumerated in the preceding

sentence become greater in value as the quantity of sweetener is

increased, the bread having the highest sugar content receiving the
~ greatest score value, R e T A , .

- (L) The contribution which sweeteners make to the toasting property
of bread is very marked; the bread containing the quantity having by
far the best color. R

‘the tenderness of the bread as the quantity of sugar agents are
increased." 5L/ ' Pt - hethdadit.

~ (5) There is an appreciable improvement in the softness as well as

~ Cakes - Prior to 1945-1946, when the first shortenings appeared on
~the market containing certain types of emulsifying agents designed to

" 5.2/ V,VSeje footnote 48/ = LR
5l/ See footnote 48/
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make possible the dispersion of a larger quantity of liquid when the
sweetener content of a cake mix is increased, it was common for sweeten-
ers to average around 100 to 130 percent of the weight of the flour
content in a given recipe., Bubt as a result of these recent improvements in
shortenings, as well as improvements which the millers developed in
various types of flour that are suited to cake formulas carrying high
ratios of sugar, the sweetener content now usually averages from 130 to
160 percent of the weight of the flour. It was not uncommon to find
cake~bakers using sweeteners in amounts up to three times the weight

of the flour. These increased sweetener ratios not only provide the
consumer with a dessert product which cake bakers reported is sweeter in
taste, but also one im which the attendant chemical and physical reactions
have contributed to producing more tender and delicate texturee

In a series of articles during the summer o 1949 in Bakers Weekly 55/,
the results were given of an experiment conducted for high-lighting the

55/ Glabau, Charles A. Proper Ingredients in High Grade Cake
Production, in Bakers Weekly, N.Y. dJune 27 - Septe. 19, 1949,
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proper ingredients necessary to high grade cake productione The

amount of sugar used was one of the most important variables., Tests
were run on cakes with sweetener contents relative to flour weights as
- follows: yellow, chocolate and pound, 90 to 130 percent, and angel
food, up to 227 percent. The results of these tests indicated that
whenever the quantity of sweetener was raised the cakes became better
1n quality, as measured in terms of superior scores of the judges and
taste panels, Scoring was on the basis of the following characteristicss
gymmetry, bloom, color of crust, volume, consistency of crust, color eof
crumb, grain, texture, aroma, flavor and eating qualitye. Generally
speaking, the batter type of cake (such as pound, layer or fruit cakes)
were reported to carry more sweetener in relation to flour than the
sponge type of cakes (such as angelfood, chiffon or chocolate cakes),
because of the larger amounts of the improved shortening which the
former group customarily contains, During the survey it was pointed

- out that the wholesale baker's cakes generally contain around twice as
much sweetener as their home-made equivalents or these made by small
retail bakers who approximate home baking products as closely as possible,
One of the principal reasons for this difference is that the wholesale
baker's product must withstand longer periods of shelf life, and the
increased amounts of sweetener in wholesale products reportedly helped
in keeping these cakes fresh over a longer period of time.

Sweeteners Used in the Baking Industry - Bakers use a wide variety
of sweeleners, In the sugar group, they utilize not only white granulated,
powdered and brown sugar but alse smaller amounts of invert, liquid, and
occasionally turbinados, in periods of emergency. Corn sweeteners used
by this industry include dextrose, regular conversion and high conversion
corn sirups, and corn sirup solids. Molasses, honey, and sweetened con-
densed milk alse are msed in small amounts.

Under wartime conditions many bakers made use of the glucose sirups
derived from wheat, potatoes, sorghum, etc., but have since discontinued
their use, Nearly 30 percent of all firms contacted utilized them., These
glucose sirups were used in amounts ranging from 15 to 100 percent of
total sweetener, when utilized as sweetener and not as flavoring agents,
The most popular proportions were 50 to 100 percent of total sweetener
contents Bakers complained that these glucose sirups lacked uniformity
of quality and produced heavy and soggy bread which had an inferior,
tough texturee The color of crust and crumb apparently were not toe
seriously affected, so long as such sirups were used with moderatione
Bakers! experiences during wartime with substitute sweeteners in bread
indicate that quite a variety of sweeteners can be used judiciously
without serious consequences There is also considerable flexibility
as regard the total quantity of sweetener which may be used.

Sweeteners Used in Bread - Approximately Ll percent of the bread
bakers reported using sugar only: 22 percent used corn sweetener only:
and 3l pergent used a combination of sugar and a corn sweetener, Thus,
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sugar was used by 78 percent of these bakers while 56 percent utilized

a corn sweetener, (Table 1lhi). With the exception of one firm which
reparted using corn sirup, the corn sweetener was dextrose. Dry sugar
was by far the most predominant type used, as only 3 percent of the bakers
reported using liquid sugar in bread. Molasses and honey were the next
most popular sweeteners used in breads. About a fourth of the bread bakers
reported using some honey and almost 4O percent said they used some
molassess The type of sweetener varied somewhat with the kind of bread
being made. For example, the use of sugar or dextrose was most common in
making white bread and rolls (Table 15)e In making whole wheat and rye
breads, there was more of a tendency tham in making other types of bread,
t0 use a combination consisting of some molassese

Sugar Versus Dextrose - In bread baking the principal competition
among sweeteners is that between dextrose and sugares Of the bread bakers
interviewed, more than half reported using same dextrose in 1948 and
almost three~fourths indicated that they used a proportion of it during
the ware Approximately four-fifths of th e firms which used dextrose
in bread used it as a complete replacement for sugar; the remainder either
used equal parts of sugar and dextrose or about one part dextrose to three
of sugr.

The consensus of many bread bakers and those research laboratories
contacted was that sugar and dextrose react equally well in the fermenta-
tion process, and that the consuming publie probably could not distinguish
between bread baked with dextrose from that baked with sugar. Many bakers
indicated a belief that somewhat faster fermentation is effected with
dextrose than with sugar. In breads, a considerable preportion of the
sweetener used is for the purpose of feeding the yeasts, so that the
resulting gas may leaven the dough. Bread bakers were somewhat divided
in their opinions with respect to which of these two sweeteners gives
a more desirable crust color to the loaf, Many said there was so little
difference in the resulting crust color that this had no practical effect
on consumer acceptance. Of those expressing an opinion that there was a
noticeable difference, those believing that dextrose gave a better color
outnumbered sugar'!s exponents., Many of these who considered that dextrose
imparted a better color to both crumb and crust attributed this to the
higher degree of caramelization from use of dextrose. On the other hand,
those who thought that sugar gave better color considered this to be due
to the invert sugar, particularly the levulose, remainifg in the Jough at
the end of the fermentation period.

The principal reason influencing many bread bakers to use dextrose,
however, was not that a more desirable product resulted, but that an
equally desirable one could be produced at less cost owing to the price
differential between sugar and dextrose. Those who used sugar, however,
claimed that more dextrose hydrate than sugar was required to give
equivalent all-round results.

954135 0—51———8
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Table 1h.- Percentage of Bread Bakers 2/ Using Various Sweeteners, .
by Areas, Th Fims 'y 191;8 o

Sweetener : , . V' 1 | "Areai
New  Middle  North '
England Atlantic Central South  West U.S.
Tp_gf'?:_eﬁt) Tpercent) (percent) (percent) (percent) (percent)
Sugar 1/ 50 83 80 - 8 83 8
Dry sugar 2/ 50 83 76 8 83 7
Liquid 25 - Lo S R 3
Corn Sweetener 50 . 58 56 52 67 56
Dextrose 50 58 52 52 67 55
Corn Sirup - - L - - 1
Molasses 100 67 36 n 67 38
Honey 50 8 18 8 33 26
Malt 25 25 32 11 - 20

1/ Exclusive of Powdered Sugar
2/ Includes both White and Brown Sugr
3/ Includes White, Whole-wheat, Rye, and Raisin Breads and Rolls
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Table 15 - Use of Sweeteners, by Type of Bread, 7l Baking Firms, 158

Sweetener Percentage of Firms Using Vafious Sweeteners by Type of Bread
White Whole Wheat Rye Raisin Rolls
(percent) (percent) (percent) (percent) (percent)

Sugar 70 -T2 52 69 52

Dry Sugar 1/ 70 70 50 69 52

Liquid Sugar - 2 2 - -
Corn Sweetener 5h 4O 38 L6 52

Dextrose Sl L0 38 L6 52

Carn Sirup - - 2 - -

1/ Includes both White and Brown Sugars.
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Corn Sirups -~ Virtually no recent use of corn sirups in bread
making was mgcated. However, use during the war of either regular
or high-conversion sirups was reported by more than half the bread
bakers contacted. Corn sirup solids also were used occasionally by a
few plants, Those who used the corn sirups in bread during the years
of sugar shortage indicated that up to 50 percent of total sweetener

~ could be corn sirup, with reasonably satisfactory resiults insofar as

texture of the loaf and color of crust were concerned. When higher
percentages of corn sirup were used, most bakers felt that they had a
,tendency to make breads too soggye =

- Honeyand Molasses - Honey and nolasses were popular metening ,
agents in about a third.of the plants, These sweetensrs are used pri-
marily to impart a particular flavor, to give a special color to crust
or crumb, __/ or for the purpose of retaining desired moisture in darker
breads, particularly whole wheat or rye., In these types of bread the
total sweetener amounts to only 1=l percent of the weight of flour used,
and bakers reported that honey or molasses could be used in amounts up
to 100 percent of total sweetener without running into adverse flavor
and texture problems,

Sweeteners Used in Cakes -~ All cake bakers interviewed reported us-
ing sugar, and only 28 percent said they made use of corn sweeteners,
Approxirately a fifth of them used some invert sugar, but only 2 percent
reported using liquid sugar. Dextrose and corn sirup were of rearly equal
popularity with cake bakers, 15 percent using the former and 18 percent
the latters Only two out of 61 cake bakers reported using both dextrose
and corn sirup. The choice between regular and high conversion corn
sweetener was about equal, with 8 percent using the regular and 10 percent
using the high conversion type. None were using both t ypes. Only two of
the cake-baking firms had ever used corn sirup solids, both instances
occurring during the period of wartime rationing.

The corn sweeteners, wherever used in cakes, were generally found
to be employed as dough conditioners, primarily to increase the moisture-
retaining property of the cake, rather than to replace sugar as suche
However, the amounts of dextrose (and occasionally high conversion corn
sirup) utilized in some instances appeared to be sufficient to constitute
competition with sugar. More than one-third of the cake bakers reported
that they were more inclined to utilize the less expensive corn sweeteners
as dough conditioning agents, in place of liquid sugar or invert sugar,
when the price differential between sugar and corn sweetener widened.

Sugar - Bakers reported an overwhelming preference for sugar as the
primary sweetener in cake baking, Among the reasons mentioned most

56/ "Crumb® is the term used by bakers that refers to the "inside" of
baked goods, particularly bread and cakes, as differentiated from
the outside layer or “crust."
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frequently was the greater sweetening power of sugar in comparison with
other sweeteners, along with its contribution to desired color, texture,

- taste, and tenderness of the product. Taste was often considered in
conjunction with sweetness, as many bakers indicated a belief that the
public has become accustomed to a product with a high degree of sweetness.
Furthermare, the psychological association of sugar with a luxury product
such as cake is of long standing, and a large number of bakers stated that
they were strongly influenced by the apparent fact that all-sugar cakes
are closely associated with high-quality cakes in the minds of the buy-
ing publice

Next to sugar in fine granulated form, invert sugar is more popular
than any of the other sucrose sweeteners in making cakes. Many bakers,
especially those using all-sugar formulas, reported using invert sugar
in small percentages of total sweetener-rarely over 2 percent - for in-
 creasing moisture retention, xtending shelf life, and for keeping icings
solf over longer periods of timee When used for its hygroscopie and
crystallization~controlling properties, invert sugar also has the
property of imparting a relatively high degree of sweetness to cakes
or icings, where this is desirede.

The relatively low percentage of liquid sugar use where this pro-
duct was available was generally attributed to the expense of install-
ing equipment necessary to handle sugar in this form. Quite a few bakers
objected to the excess moisture in liquid sugar which in the usual
formulas at least, has to be evaporated in the cake baking process. Small
smounts of liquid sugar, however, rather than invert sugar or corn sirups,
were occasionally used for improving the moisture retention property of
cakes, .

Dextrose = Dextrose was reported to be substitutable for up to 25
percent of the sugar in a cake recipe with good results, especially in
chogolate cake. Improved color and economy in material cost were given
as the principal advantages for its use. Most bakers using dextrose
reported that its use was restricted largely to chocolate cakes, However,
many of them were found to have experimented sufficiently to be willing
to use dextrose in a wider variety of cakes if it became necessary to do
so to reduce costs, or if sugar were unavailable. When substituted for
more than one-fourth of the total sugar content of a cake mix, dextrose
was reported to lessen the sweetness perceptibly. In addition, these
larger percentages were said to impair the texture and sometimes impart
an off-flavor. The use of dextrose in cake-baking was most common in
the Southern States, where nearly one-third of the plants surveyed used
it, Usage was least common in the West, where no cake bakers were found
to be in favor of ite.

Corn Sirup =~ Almost two-fifths of all the cake makers reported the
current use of corn sirupse They used corn sirup in quantities ranging
from 5 to 35 percent of total sweetener., Of the corn sirups, the high-
conversion type was found to be considerably more popular than the regular
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conversion sirups, primarily because of the greater sweetness and property
of producing lighter and more tender textures, because of their lower
dextrin content. Corn sirups were used as dough conditioners in much the
-8ame way as invert sugar, except that larger amcunts were used, Bakers
reported using it as 10 to 35 percent of total sweetener in cakes. In
these amounts it was said to increase moisture retention and extend shelf
- life. It also was used in icings to keep them soft. The cut~down in
-~ sweetness, without the sacrifice of body, which could be obtained from

- use of corn sirup was reported to be an advantage sometimes. However,
the savings realized because of the price differentials between sugar and
corn sirup were reported to be the dominant reason for using the latter.

The heaviest geographic concentration of cake bakers who reported
the use of corn sirup was in North Central States (See Table 16)s The
widespread use of corn sirups in the Middle West and the dearth of it in
the Seaboard areas may be attributed apparently to the pricing method used
for this sweeteners Corn sirup is cheaper relative to sugar in the areas
adjacent to point of production (North Central States)s o

The number of cake bakers reporting the use of corn sirup during
World War II (4O percent) increased greatly over those which normally
“utilized it in peacetime. (See Table 17) Likewise, the amounts of corn
sirup in proportion to flour weights were found to be materially increas-
- ede A4S in the case of breads, the wartime replacement of sugar with corn
sirup brought the proportions of the latter in many formulas to about o
double their normal relationships. For instance, the low-conversion
sirups were reportedly utilized by many cake bakers during the war for
about one-third of the sweeteners and a few reported their use to be as
high as 65 percent of total sweetener, The high-conversion sirups, when
available, were substituted for sugar to an even greater extent, being

-~ used by some cake bakers in amounts up to 90 percent of total sweetener,

However, most firms reported wartime usage of this type of sweetener as
only about half of total sweetener requirements, The use of sugar and
invert sugar in cakes was decreased correspondingly, s o

, The experience which many bakers had with corn sirups during the
wartime period has contributed to the continued use of these sirups, but
in much smaller amounts, uncer normal conditions. None of the firms

- reported the use 'of corn sirup solids in cake baking, although there were
no objections to its characteristics as a sweetener. The objection was to
the difficulty in handling this sweetener in small lots s because of its

- hygroscopic nature. , : - '
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Table 16~ Percentage of Cake Bakers Using Various Sweeteners,
_hy Areas, 61 Fima’ 19’48. )

~ Sweetener Area

' New - Middle Hm-ih
England Atlantic Ceniral  South West  U.S.
Sugar 100 100 100 200 100 100
oryd/ 100 100 100 100 100 100
Liquid o7 - - - - .2
Invert 7 17 - 27 25 33 21
Corn Sweetener 33 i 32 31 17 28
Dextrose 17 18 5 31 - 15
Corn sirups 17 18 32 - 17 18
Regular - - 23 - - 10
High con- 17 18 9 - 17 8

version

3/ Includes both White and Brown Sugarse



Table 17. - Comparative Importance of Regular and High Conversion Corn
Sirups in 96 Plants of the Baking Industry, Under Wartime
and Postwar Conditions,

Breads Wartime Conditions Postwar Conditions
I Regular High Conversion  Regular  High Conversion
Plants using corn sirup 51% 18%% 1 1/
Corn sirup as percentage of
total sweetener 5-100% 50-100% pv4 1/
Range
Most common percentage 100% 100% 1/ 1/ y
Cakes 5
Pla.nts using corn sirup | Log 15%* 8z 10% :
Gofn shﬁp aé percentago of |
total sweetener 10-85% 20~-90% 5-25% 10-35%
Most common perceﬁtage | 35% Lo% 15¢ 25%

y Only 1 firm reported using corn sirwp, This firm used regular corn sirup as 100% sweetener.

# Bakers indicated that the comparative use of high conversion sirups under wartime conditions
would normally have been higher than those shown, had they been as readily available as were
the regular corn sirups.
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THE SOFT DRINK INDUSTRY

The Purpose of Sweeteners in Carbonated Beverages

The two primary functions of a sweetener in a carbonated beverage
are to provide sweetness and desired density. A carbonated beverage
usually contains a sugar sirup, scid, flavoring, and coloring. The
sweetener content constitutes practically all of the soluble solids in
8 beverage. Thus, the sweetener, an important factor in the resulting
taste of a soft drink, also provides body for the finished product.

In bottling a soft drink, a measured amount of the sirup (the "throw")
is put into the bottle and purified carbonated water is added to produce
the finished drink, the amount of the "throw" for any specified drink and
the same sigze bottle varying inversely with the Baume or demsity of the
sirup. The method used by & soft drink mamfacturer in prepering the
flavored sirup from which the final beverage is made has a material influ-
ence upon the type of sweetener used. In general, he may follow either of
the following two methods:

1. A "simple sirup" 57/ composed of sweetener and water, is first
prepared, the pyoportions of the sweetener to water contingent on the
density or Baume of sirup desired. To this simple sirup is subsequently
added the necessary acid, flavoring and coloring for the particular kind
of soft drink to be bottled. The resulting product is known as the
"flavored sirup."

2. As an alternative, the bottler may prefer to prepare a flavored
sirup directly, tims eliminating the first stage of preparing a simple
sirup, Direct preparation of flavored sirups is limited, in general, to
small-scale operations where storage of a large quantity of simple or
flavored sirup is not feasible.

There are two customary ways of preparing a simple sirups the "cold
process” and the "hot process." The former procedure involves the prepera-
tion of sirup from sweetener and water at or near room temperature, where-
as higher temperatures are used in the latter process. If the bottler
uses the cold process method of prepering sirups, he must be extremely
careful about the quality of any sweetener which he uses in his soft drinks,
as no means of pasteurization is offered by this process per se. &n acid
may be added to improve keeping quality and give pertial inversion of the
sucrose in the sirup or other steps may be used to inhibit the growth of
organisms., On the other hand, pasteurization of the simple sirup may be
obtained by heat with the hot process, either with or without the use of
an acid, and this gives the bottler a somewhat wider latitude in his choice
of sweeteners. As indicated above (p, $¢4 ) the relative solubility of
sugar and dextrose varies with the temperature. Dextrose is less soluble

57/ The term "simple sirup® is, at times, used by the carbonated beverage
industry to denote a sirup of the desired stock sirup density made up with
sweetener and water only or with an acid added to the mixture. For purposes
of clarity, the term "acidified simple sirup" may be applied to such a mixture.



when the cold process is used, although this sweetener is somewhat more
soluble than sugar at high temperatures. &ccordingly, & manufacturer's
choice of sweetener or combination of sweeteners may depend, in part, upon
the process he uses in preparing the simple sirup and the density of stock
sirup he desires to keep on hand at ordinary room temperature.

Iotal Sweetener Content of 'Car’bomted'Bcwrag: o8

Soft drink mamfacturers reported the use of between 6.0 and 16,7 per-
cent sweelener, by weight, in their products during 1948, depending pri-
marily upon the kind of beverage mamufactured. Gingerales, colas, root
beers, and like beverages generally require less sugar than the fruit drinks,
The sweetener content is found to range from a relatively low sweetener per-
centage in "dry" products to a higher percentage in "gweet" productas., The
dividing line of sweetener percentage between "dry" end "sweet" beverages
is indefinite and varies by type of drink and by mamifacturer,

The total sweetener range for the individual soft drink (as shown in
table 18) is not indicative of the average sweetener content in an indus-
try where a change of one percent in the sweetener content can greatly
affect the taste or flavor of an individual product. However, the table
does show the relatively great variation of sweetener percentages within
the soft drink groups and the upper and lower limits of sweetener content
for each type of beverage., The extremes of sweetener ussge are related in
wany instances to the type of sweetener or sweeteners contained in the
soft drinks,

The variation in sweetener content of the different types of soft
drink is apparent if average sweetener percentages are compared. Ginger-
ales have & comparatively low sugar content, with an average of 8,6 percent;
colas, cream soda, root beer, lemon, and lime drinks average 11.0 - 11,5 per-
cent, while the other fruit drinks average 12.0 - 13.0 percent. By weight-~
ing the averages for individual beverages with the ratio of bottle sales of
varlous flavors of soft drinks 58/, it is estimated that the average
sweetener content for all drinks sold in the United States is 11.3 percent.

Footnote 58/ - see following page
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58/ Determination of national average of soft-drink sweetener content
was arrived at by weighting individual soft-drink averages with the
ratio of bottle sales of various flavors of soft drinks, 1948, as
follows: ,

' (1) (B) (C) (B) x (C)
Soft Drink Average Sweetener Ratio of .

type Content Bottle Sales
_ ipaments percent

Csarbomated water,

) clud 8008 .e0cscssesssss 0 103 -
Gim‘ram snsseassscsses 8’6 2.4 20;64
Coles and similar drinks .. 11.C 61.6 677 .60
lemon, lime and lemon-

lime combinations cieccess 11.5 6.7 77.05
Creem SO8B sescennscscsassne 11.5 1.5 17.25
Root BEOr' .ceaeenscssrssncen 11.5 306 41J+0
Cherry SeBEEsE0GE0CISEOINISITIOES 1200 008 9¢60
Stmhm IR R E R NN N N B 12.6 2‘0 25.20
Grape ssesssesREssIeSSOEBERT N 1310 4.1 53-30
orange csssesnnansesesecses 13.0 8.9 115.70
All Others 0088088008880 sSLTS 121.9 _Ll-__ __Ll‘iﬂ

TOtal ISR EENENEREEEESNEE N 10000 V 1’129033
National everege- (B xC) = 1129,20 « 11,29 percent
11005 100

Column (B) obtained from Marketing Reseerch Survey, Sugsr Branch, FMA.
Column (C) obtained from American Bottlers of Carbonated Beverages,
Bottled Soft Drink Sales, Flavor Ratios, Revised 1949.
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Table 18 ,~-Selected types of soft drinks , number of conpaniea reporting
matener content of each type, and total sweetener range

for each type

6.0 - 16.7

Soft drink Companies reparting s Total sweetener range
, p . o ) ,
(type) (mmber) (percent)

G’ibgﬁralﬂ ooooooooooo:so 36 . 600 - 1200 '
Lemon, lime, and lemon- . '

lime cmbimtiom coe 29 6.0 - 15,0
‘Creem Bm teescececvese 28 7 7 600‘f 1505
Root be‘r XXy 37 o '700" }505
Grape drinks .esee.eoess 36 7.0 - 16,7
Orange Arinks ......e... 51 7.0 - 16,7
Cola Arinks veeeeecesess 31 7.5 = 15.0
Strawberry drinks ...... 16 E . 10,0 - 15,0—7
Cherry drinks .'.oooaoooor 7\ 13 7 1000 - 1505

111 tym .,..‘..'...'.
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The Use o r in Carbonated Beverage

The Number of Soft Drink Mamfacturers Using Sugsr: Soft drinks, other
than carbonated water, club sodas, and like beverages are rarely maru-

factured without use of some form of cane or beet sugar. Of 91 mamfac-
turers interviewed, 73 percent stated that they used 100 percent cane or
‘beet suger in all beverages which they produced; 12 percent stated that
they used 100 percent sugar in most producte and a combination of dextrose
and sugar in a particular product or products. The remaining 15 percent
used a combination of dextrose with suger in all products which they mam-
factured. The majority of bottlers in the first group were manufacturing
nationally- or regionally-known sirups, concentrates, or soft drinks,
while about one-gixth of this group represented small independent bottlers
producing only their own beverages. The majority of the second group con-
sisted of smaller type establishments which, as a rule, produced their
own drinks but often had the franchise for a nationally-known drink. The
last-mentioned group of bottlers consisted primarily of large franchise
houses and manufacturers of franchised drinks; only one manufacturer in
this group bottled solely his own beverages.

The mamfacturers who reported the use of 100 percent sugar in all
products at the time of this survey indicated that they had used other
types of sweeteners during the war only, when sugar was rationed, and some
of this group stated that they had cut production during the war rather
than use a sweetener other than sugar. Except for one mamufacturer who
reported using corn sirup in draft root beer, the companies included in
the last two groups above reported using no sweeteners at the time of
this survey other thsn sugar and dextrose.

The greater majority of the bottlers interviewed used gramulated
sugar. However, almost 20 percent of them had installed liquid sugar
facilities in their plants. This compares with 1949 liquid sugar deliveries
equal to 17 percent of total direct sales of sugar to beverage mamu-
facturers. 59/ More than 15 percent of the bottlers were either too
small for liquid suger installation, or the initisl cost of inmstallation
‘overshadowed the possible savings and convenience of operation., Several
were averse to using liquid sugar because of the greater danger of mold
growth and fermentation as a result of its use. Bottlers using liquid
suger usually install ultra-violet lights in the tanks or use other
measures to reduce the possibility of such deterioration.

Reagons for Use of 100 Percent Suger in Soft Drinks: Of the group which
prefers 100 percent sugar in most or all soft drinks, 39 percent mentioned

the relatively greater sweetening power of sugar as the resson or one of
the most important reasons for such preference. 4 large mmber of those

. mentioning sweetness prefer, or believe that their customers prefer, a
relatively sweet finished product. A few stated that, by the use of suger
alone, sweetness was more consistent and easier to control. Approximately
40 percent of the all-sugar users referred to flavor or taste as an

59/ suger Reports No. 7, Sugar Branch, PMA, USDA.
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important factor in their choice of sweeteners. The individusls within
this group indicated a belief that 100 percent sugar in a product was
conducive to better taste, better flavor, or better flaver retention,
It was belleved by some that only suger cen properly cerry the flaver
- of a soft drink, These bottlers stated that since sugar has no flaver
~of its own, it cannot affect the individual flavor of any soft drink,
Those who prefer 100 percent sugar in a beverage generally felt that
enough body or density was given the drink without excessive sweetness.
One small group of bottlers specified that 100 percent sugar provided
the optimum density, particulerly for fruit drinks which contain fresh
fruit juices rather than fruit flavorings. In this case, the use of
any other sweetener would increase the body too much if sweetness were
to be maintained. ' ' ,

The non-sweetening portions of the formulas of & mumber of mamufac-
turers were said to be geared to use of 100 percent sugar, and con-
sumer acceptance for their product hed been developed over a period
of time, These bottlers stated that, although a change of sweetener
might not produce an inferior soft drink, it might change the estab-
lished taste of the beverage and could affect consumer acceptance of
the soft drink, , :

, Among those manufacturers who use 100 percent suger in soft drinks,
ore~half mentioned "quality" of suger or the fear of fermentation,
bacteriological spoilage, or reduced shelf life as considerations in
their choice of sweetener. Although sometimes associated with taste

or flavor, quality for the most part was applied to the ebility of a
‘sweetener to withstand spoilage or fermentation in a sirup or finished
‘beverage., o

About 12 percent of the bottlers indicated that they used sugar
alone because the differential between sugar and dextrose was not
enough to outweigh the technical difficulties involved in handling
two sweeteners. Some of this group stated that there was no price
advantage in purchasing dextrose, as the greater poundage necessary
to maintain sweetness eliminated the savings in price, 4 relatively
small group of all-sugar users indicated that they would use dextrose
if the savings in costs were such that the handling of two sweeteners
would be warranted. A few reported that they used 100 percent sugar
solely because dextrose hydrate was temporarily unavailable in their
territory. '

More than 19 percent of the all-sugar group indicated that, where
dissolving difficulties had been encountered when using dextrose with
‘the cold process, this difficulty was eliminated by a return to 100
‘percent sugar usage. ,

- Sige of plant operation was indicated as an influencing factor in
the choice of sweeteners by 21 percent of the all-sugar group wheo
prefer to use sugar alone for one or more of the following reasonss
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(1) Barreled sirup is difficult to handle;
(2) Increased labor is necessary to handle two sweeteners; and

(3) The use of two sweeteners promotes the possibility of formula errors
in mixing.

The choice of sweetener or sweetener combination by a particular
bottler may depend, in part, on whether the company is an independent
organization, is subject to parent company control, or produces a fran-
chise drink, Officials of a number of pasrent compenies, franchise houses,
and plants producing the soft drinks of such companies stated that the
choice of sweetener or sweetener combinstion in beverages was left to the
discretion of the individual bottler., On the other hend, & much larger
number of companies in the 100 percent sugar group included compenies in
whose beverages 100 percent sugar was required or recommended by a parent
company or a franchise house. 4 few of the all-sugar group purchased s
finished sirup from a company which preferred 100 percent sugar in its
soft drinks, while others were manufacturing a franchise drink in which
100 percent sugar was required by the franchise house. These latter
firms were using 100 percent sugar in their own beverages for convenience
of handling a single sweetener where their own soft drink production was
relatively small,

Use of Dextrose in Carbonated Beverages

Extent of Dextrose Usage in Soft Drinks: Approximately 27 percent of
the total mamufacturers interviewed reported the use of dextrose in
combination with sugar. Nearly 45 percent of these mamufacturers used
dextrose in a full line of beverages; the majority used dextrose in
one or more particular types of beverages.

Fruit drinks 60/, particularly grape-flavored, and root beer, were
the relatively more important soft drinks in which dextrose was used by
those firms which employed it as a sweetener. However, users of dex-
trogse in fruit drinks represented a smaller proportion of total fruit
drink bottlers than did users of dextrose in root beer and colas of
total root beer and cola bottlers, Thus, from the standpoint of the
total number of mamufacturers interviewed, dextrose use in root beer
and colas was relatively more important than in fruit-flavored and
other beverages. Nearly a third of the root beer mamufacturers used
dextrose in combination with sugar; nearly & fourth of the cola mame-
facturers used dextrose in combination with sugar; while about a fifth
of the bottlers producing fruit drinks and lemon-lime combinations arnd
18 percent of the gingerale bottlers used dextrose in those beverages.

60/ Fruit flavors other than lemon or lime.
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T= e Rat £t s Most mamfacturers interviewed
stated that, where dextrose is used, it should be employed in combina-
tion with sugar. The percentage of dextrose to weight of total sweetener
used ranged from 5 to 45 percent. The greatest mmber of bottlers using
dextrose preferred to limit it to from 12 to 25 percent of total sweeten-
~er, Only one mamfacturer varied his sugar-dextrose ratio by flavor of
drink; the remainder of the dextrose users maintained a constant ratio
in all types of soft drinks containing dextrose. The upper 1limit of
competition between the two sweeteners may be estimated at 50 percent
replacement of sugar with dextrose, since that was the highest percent-
age of dextrose which soft-drink mamfacturers found during the war
emergency period could be used and still produce a marketabls product. 61/

The types of dextrose used were said to have some effect on the
sugar-dextrose ratio in a soft drink., Where dextrose use was reparted,
the anhydrous type dextrose was generally preferred, because pound-for-
~ pound substitution can be made with this type without lowering the
density of the sirup, When dextrose hydrate supplements sugar in a soft-
drink formula, and when the sirup Ba is to be maintained, there must,
of course, be an adjustment for the moisture content of the dextrose.
Moreover, if sweetness is to be maintained, the relatively lower sweeten-
ing power of dextrose compared with sugar must be allowed for when either
type of dextrose replaces part of the sugar content.

vantages of Dextroges 41l but one of the soft-drink menufacturers who
reported using dextrose in all their beverages and almost half of those
using dextrose in some of their products reported that one of the prin-
cipal advantages accruing from its use was maintenance of body without
excessive sweetness. One-fifth of the bottlers using 100 percent sugar
in all products stated that where additional body was desired without
excessive sweetness in a soft drink, it was advantageous to use dextrose
in combination with sugar.

Almost one-half of the dextrose users were in favor of it as a
sweetener because it was thought to carry, or bring ocut, the flavor in
a beverage. Dextrose reportedly carries the flavor of fruit drinks well,
perticularly grape-flavored beverages. One-fifth of the 100 percent sugar
users stated that dextrose use resulted in as good a flavor or even &
better flavor than that obtained with 100 percent sugar, but they pre-
ferred all-sugar for other reasons.

Some bottlers reported that price plays a large part in their choice
of sweetener or sweetener combination. Of the total dextrose users, 20
percent combined this sweetener with sugar for savings in cost alone
while 40 percent considered price among other factors influencing their

61/ Although some bottlers used more than 50 percent dextrose in a
particular kind of soft drink during the war, this was an emergency measure
or an experiment and was discontimed almost immediately after the war.
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preference for dextrose. Of the latter 40 percent, almost ome-third re-
ported using dextrose for reasons other than price, yet indicated that
price could be an influencing factor, that is, if dextrose prices in-
creased significantly or if the differential between dextrose and sugar
decreased sufficiently, they might prefer to handle sugar only. These
bottlers, therefore, were using dextrose because, among other things,
the cost of dextrose was low encugh to compensate for the additiomsl
inconvenience of handling two sweeteners.,

dvantageg: Where an opinion of dextrose was expressed by non-dex-
trose users during this survey, onme cut of four had rejected the®use
of dextrose primarily because of its lesser sweetening power compared
with sugar. A few of the dextrose users also mentioned lesser sweeten-
ing power as a disadvantage in the use of dextrose. Of the non-dextrose
users who commented on dextrose, one out of four who commented on it
reported that the flavor of dextrose itself tended to alter the desired
flavor of a beverage, It was noted that a8 mmber of thase mamufacturers
had used dextrose as a high percentage of totel sweetener content dur-
ing the war period. Only a few of the present dextrose users mentioned
that dextrose affects flavor or taste,

Very few mamfacturers mentioned any problems of fermentation,
spoilage, or shortened shelf life attributable to using dextrose in
soft drinks, A few reported the use of a type of anhydrous dextrose
which contained impurities during the war period. 4 small number of
bottlers noted that high-density sirups made with dextrose tended to
crystallize when dextrose constituted a high percentage of total
sweetener content. A few seemed to think that dextrose caused sedi-
mentation in the finished product. However, the general lack of
criticism among the majority of bottlers from the standpoint of shelf
life or keeping quality of soft drinks leads to the conclusion that
dextrose is generally acceptable with respect to this factor.

More than one-fifth of the total mamfacturers interviewed stated
that where anhydrous dextrose had been used, dissolving difficulties
were encountered, principally with the cold process method of prepara-
tion, A few stated that it was necessary, in some instances, to use
scalding water in crder to melt down a certain type of dextrose pur- -
chaged during the war pericd.

A group of 100 percent sugar users emphasized the convenience and
economy of handling one sweetener only. 4 large mumber of these bottlers
were using liquid sugar., If a bottler has installed liquid sugar facili-
ties the chances are greater that he will use all-sugar in his beverages.
Only one plant with a liguid sugar installation reported using a combina-
tion of dextrose and sugar, and this was only in root beer.

The Ugse of Corn Sirup and Miscellaneous Sweeteners in Carbonated Beverageg

During the sugar control period of World War II, the mamufacturers
of carbonated beverages, like so many other food processors, turned to &
wide variety of sweeteners in order to stretch their available sugar

954135 0—51——9
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supplies, When food regulations or enforoement policies permitted,
use wag made of meny sweeteners which are not ordinsrily found in soft
drinks during normal times., Supplementary sweeteners included such
products as turbinado sugar, refiners' sirup, honey, corn sirup, corn
sirup solids, and glucose sirups made from potatoes and wheat,

, The greatly expanded demand for ‘bottled beverages during the war
and the resultant short period between the time of production and con-
sumption made it much less important to use only those ingredients :
which would allow a prolonged shelf life without deterioration cr fer-
mentation. Some mamufacturers maintained high standards of quality
even during extreme sugar shortages; others were forced to use the mare
readily available sweeteners in order to maintain volume of sales.
Most, if not all, bottlers have discontinued the use of substitute
sweeteners since the rationing period, because of adverse effects upon

Corn sirup ummixed was contained in the wertime soft drinks of
over 70 percent of the mamufacturers interviewed during this survey,
‘Almost 12 percent of thege mamufacturers stated that corn sirup did
not affect flavor or color and did give body to the beverage. The
other 88 percent stated that corn sirup usage was not deairable for
- the following reasonss

(a) Difficulty was experienced in handling barreled sirup;

(b) Corn sirup affected the flavor and taste of a beverage,

(¢) Fermentation was caused by corn sirup,

(@) Corn a.‘-rup lacked sweetness;

(e) Mixing and foeming difficp.lties were exi:erienced; and

(f)- Corn aiﬁip affected the colar of clear beverages.

Only one memufacturer was us:l.ng'cornz sirup--in draft root beei-. One
other small company was using corn sirup at times, primarily in order to
keep a channel of supply open for aupplenentary sweetenera, secondarily,

“to reduce coetu.

The usual ratio of corn sirup to suger during the war compared closely
with that of dextrose to suger and was rarely in excess of 25 to 33 percent
of the total sweetener content. When sugar supplies were critically low,

-however, some plants stretched these ratios to 50/50 carn sirup to sugsr,
and in rere instances, & mamfacturer used 100 percent corn sirup.
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CONFECTIONERY

Role of Sweeteners in Confectionery

The functions of sweeteners in candy making are to supply sweet-
ness ard body and to provide substances for the control of graining and
texture of the product., The principal types of sweeteners used are sugar
and corn sirup, the primary functions of sugar being to provide sweet-
ness, body, and graining properties, while the essential functions of
corn sirup are to control the crystallization, modify sweetness, improve
body, texture, or chewiness of the product, and assist in keeping candy
moist or extending its shelf life,

When sugar is the only sweetener used, control of inversion is of
great importance, and length of cooking time, temperature of the "cook,"
kind of cooker (open fire, vacuum pan, continuous cooker, etc,), concen-
tration of ingredients, and choice of inverting agent all are factors
which can influence the degree of inversion and crystallization and the
density, softness, and other properties of the candy., Control of grain-
ing in candy is usually obtained by one or more of the following methods:
by controlling the temperature and length of time of cooking the batch;
‘using small percentages of certain organic acids, invert sugars, or the
enzyme invertase; or by using one of the corn sweeteners, principally
regular corn sirup.

The choice of an agent for controlling graining is governed largely
by its price and the type of candy being made, Although the use of
acids for producing from sugar the desired amount of invert sugar in a
batch of candy must be carefully controlled, this method is rather com-
monly employed for certain types of candy, However, addition to the
sugar of predetermined amounts of invert sugar or one of the corn sweet-
eners is steadily gaining favor. Use of a certain proportion of regular
corn sirup probably is the most common method employed to control grain-
ing, but high conversion corn sirups and invert sugar are used where a
greater degree of sweetness is desired than obtained from the use of
regular conversion corn sirup,

Confectioners! Use of Various Types of Sweeteners

Sugar, EFach of the 138 manufacturers interviewed were using sugar,
None of them were using liquid sugar exclusively, but nine percent re-
ported using both liquid and granulated, Confectioners need a variety
of specialty types of granulated sugar, such as coating and sanding sugar,
fine and extra-fine granulated, confectioners, and brown sugar. However,
liquid sugar appears to be gaining in popularity in those areas where it
is generally available, For example, a third of the firms interviewed
in the New England area said that they were using liquid sugar. Liquid
sugar lends itself to the manufacture of many types of confectionery, in
that corn sirup ordinarily is used as a portion to total sweetener and it
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~ 1s physically easier to handle two liquid sweeteners than one liquid
and one dry, However, the necessity of cooking for a longer time or to
a higher temperature, in order to eliminate the excess water, is one of
the objections to liquid sugar use by many confectioners.,

A few confectioners, especially in the Chicago area, reported using
one or more of the direct-consumption types of sugar. In fact, two
firms reported using only sugar of this type. Normally, however, those
confectioners who make a varied line of products use these sugars only
to the extent of 25 to 40 percent of the total sugar content of a candy
formula, or only in the dark-colored type of confections, molasses-type
candies, and certain grades of chocolate, Objections to turbinados, for
example, are based largely on the darkening or discoloration which they
give to clear candy pieces, the molasses flavor imparted, the tendency
to make the batch foam, and the variation in quality of this sugar,

When direct-consumption types are used in place of fully refined sugar,
the reason usually is that they cost less, '

Corn Sweeteners., Although they have long been used in volume by
the confectionery industry before the war, corn sweeteners came into
even greater prominence during World War II., Of all the confectioners:
interviewed in different parts of the United States, 93,5 percent used
corn sweeteners of one or more types. By geographic regions, those using
corn sweeteners ranged from 100 percent in New England and.the South, to
87.5 percent in the West,

The order of importance of corn sweeteners in the confectionery
industry, based on quantities used, is (1) regular corn sirup; (2) high-
coversion corn sirup, and (3) dextrose., The percentages of confectioners
in each major geographic area using each of these types of corn sweeteners
are given in Table 19, Preference is heavily in favor of regular corn
sirups, more than 62 percent of all the firms interviewed using it as
their sole corn sweetener, and an additional 27 percent using it in oombi-
nation with another corn sweetener, ILess than five percent of the firms
used high-conversion sirups as the sole corn sweetener, while none of
them used dextrose as the only corn sweetener.

Corn sirup solids were used, to some extent, during the war period.
This sweetener was used then by 1R percent of the candy makers as a sub-
stitute for corn sirup on a pound-for-pound basis, up to 20 percent of
the corn sirup requirements in the formula. No plant visited, however,
reported its current usage. The principal objection to corn sirup solids
was based on its cost and the difficulty of handling this product in less
than full-bag lots, since the remaining portion rapidly became sticky.

Other Sweeteners, Linited amounts of other sweeteners are some-
times used and such circumstances as inadequate sugar supplies some-
times dictate greater than normal usage of them, For example, small
amounts of honey, molasses, and maple sugar are used primarily as flavor-
ing agents rather than for sweetness., OSweetened condensed milk is often
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used although the principal sweetener it contains is that agent used to
process the milk rather than the lactose content. This product is often
used in such candies as creams, nougats and caramels to supply some of
the sweetness, especially when there is a companionate need for milk

in the confection, B '

During the period when sugar was rationed and corn sweeteners
were not available in sufficient volume to meet consumer demands, a
number of substitute sweeteners were used, such as wheat glucose, potato
glucose, maltose sirup, and sorghum sirups, refiners' sirup, and sugar-
cane sirups. Confectioners now have abandoned the use of such sweet-
eners for reasons of non-uniform quality, difficult handling, and greater
costs, : : '

CHOICE OF SWEETENER USED

The choice of sweetener, or combination of sweeteners, depends on
the physical characteristics inherent in each, differences in delivered
prices, type of candy being produced, type of market for which the pro-
duct is designed, and the methods of production involved. The propor-
tion of the various sweeteners used ard the range of substitutibility

' vary greatly, depending upon the kind of confectionery item produced.

Accordingly, a detailed discussion of the extent and nature of the com~—
petition between sweeteners must necessarily give consideration to the
specific type of product. The confectionery items have been grouped
into eleven major categories, as follows: hard candy, fondants, creams,
nougats, caramels, gums, jellies, marshmallows, fudge, chocolate, and
chewing gum, Before discussing each of these types more fully, however,
a few general principles relative to competition between sugar and the
corn sweeteners in the confectionery field should be stated. The two
primary areas of competition are: (1) sugar vs. corn sirup, and

(2) sugar vs. dextrose. ’

Sugar vs, Corn Sirups

Corn sirups are used primarily to control crystallization and
texture. They also aid in regulating the sweetness or taste of the pro-
duct, and help to maintain the desired moisture content, Corn sirup
commonly is used in lieu of an acid or invert sugar. In making most
candies with an all-sugar formula, some inversion is necessary in order
to control graining, but control of crystallization and texture can often
be achieved more economically with corn sirup, the survey showed, Corn
sirup has the added advantage of being in a form ready for use without
further treatment, thereby making for simplicity of operations and better
control over the production process, :

For each confectionery item, there is a range in the prdportion of
" corn sirup to sugar which may be used, and in some instances an area in
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which the proportion can be varied with little or no apparent effect
‘upon quality. Confectioners have found that in most items it is
necessary to use some corn sirup or some other agent to control
crystallization and provide the desired texture, and that more may some-
times be used without undue adverse effects upon quality,

The decision to use the minimum or maximum amount of corn sirup
in a formula is dependent largely upon the market for which the candy
is manufactured and the price differential between sugar and corn sirup. ggj
As the price differential increases, the confectioner feels encouraged
to use as much corn sirup as possible without too great sacrifice of
quality, However, the extent to which changes in the differential cause

~changes in formulas varies considerably among confectioners., A few are
quite sensitive to small changes in the differentials, while others pre-
fer not to change their formulas unless the spread is considerably
widened and has remained wide over a rather long period of time. Some
confectioners are reluctant to change the proportions of sugar and corn
sirup to take advantage of price changes because of the physical problems
associated with changing formulas, and the fear of adverse consumer re-
actions. In some cases confectioners are already using either the mini-
mum or maximum corn sirup and cannot readily adjust their formulas to
take advantage of price changes without materially affecting quality.

There appears to be no specific dollars and cents spread between

sugar and corn sirup which would encourage the use of either more or

less corn sirup.. In other words, confectioners have not geared their
formulas to any specific differential between sugar and corn sirup,
Before changing a formula to take advantage of a price change, many
confectioners weigh the advantages which they will gain by cutting costs
~with the probable disadvantage which might follow from alteration in ’
quality. For example, a confectioner might be using 70 percent sugar

and 30 percent corn sirup in an item when sugar is 8 cents and corn sirup
is 6 cents, His per-pound sweetener costs would then be 7.40 cents, If
~the price of sugar advanced to 6,5 cents and corn sirup remained unchanged,
‘his per-pound sweetener costs, using a 70-30 formula, would be 7,75 cents,
By changing his proportions of sreeteners to 60 percent sugar and 40 per-
~ cent corn sirup, he would be able to reduce his per-pound sweetener

costs to 7,50, However, a confectioner would need to consider whether
such a change in sweetener ratios might affect adversely the consumer-
appeal of the item, resulting in a drop in sales, or requiring a decrease
in the selling price of the tem. The proportions which the price differ—
ential between sugar and corn sirup are of the actual prices of these

- sweeteners is important as well as the differential itself. For example,

a two-cent differential is much more apt to encourage maximum corn sirup
usage when the actual prices are two and four cents than when they are
six and eight cents, The pressure of all ingredient, production, and
marketing costs on the selling price of an item also materially affect
the extent to which confectioners change the proportions of sugar and
corn sirup to take advantage of changes in the differential. For example,
if other costs remain high at the same time the selling price of the item
is falling, a spread in the differential is apt to encourage greater use
of corn sirup, : ] ' , ]

82/ For detailed discussion see section on Price Relationships,
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Low-cost types of confectionery items produced for certain types
of markets usually have larger amounts of corn sirup than similar
items produced for a different type of trade., One reason for this,
of course, is that costs must be kept to a minimum in items selling
for low unit prices. Also, the distribubive channels through which
confectionery of this type flows require that it have a fairly long
shelf-life., For some products this requires larger amounts of corn
sirup than would be needed if the product were consumed shortly after
it was produced, Confectionery items sold by manufacturers who are
also retailers ordinarily contain smaller amounts of corn sirup than
similar items produced by manufacturers who sell through wholesale
channels. This is possible because the price charged by the manu-
facturer-retailer ordinarily is somewhat higher and will permit higher
ingredient costs and because the short time between manufacture and
sale eliminates the need for properties conducive to a long shelf-life,

The amounts of corn sirup used by a manufacturer in many candy
pieces often fluctuate as much as 5 to 10 percent with the season of
‘the year, A smaller amount is used in summer because of the tendency
which some candies have to sweat in hot weather if made with as large
an amount of corn sirup in that season as in the wintertime. However,
when the price differential is heavily in favor of corn sirup, a few
firms lengthen the time for cooking a batch or raise the temperature
to which it is cooked, rather than adjust the amount of corn sirup
dowrward during the summer months,

The percentage of corn sirup in a formula usually associated by
the trade with high-quality candy varies with the type of cooker used
as well as with the type of candy and with the price differential be-
tween sugar and corn sirup. Most manufacturers prefer not more than
25 percent of corn sirup when using open-fire kettles, but think that
40 percent is allowable when using vacuum pans. When the latter method
is used, larger amounts of a hygroscopic ingredient such as corn sirup
can be used without affecting the physical characteristics of the batch
because a greater amount of moisture may be removed from the batch
without the danger of excessive caramelization., While confectioners use
corn sirup in varying amounts in most types of confectionery items, this
sweetener has a number of inherent characteristics which ordinarily limit
its use to a certain proportion of total sweetener, and in many typesen-
courage the use of high proportions of sugar. For example, the dextring
in corn sirup tend to make candy gluey or sticky if too much is used,
resulting in sweating during hot weather and periods of high humidity,
Using corn sirup exclusively also can adversely reduce the sweetness,
In some types of confectionery it is desirable to maintain sweetness at
a high level yet produce candy with physical characteristics not readily
achieved when granulated sugar alone is used., These desired physical
characteristics are largely those related to control of graining and
moisture retention in the candy, the proper regulation of which governs
the tenderness and aids in extending shelf-life, Fondants and cream
centers offer the best illustrations of confectionery of this type.
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Methods used to secure the desirable physical characteristics in these
products include use of small amounts of invert sugar or corn sirup;
~use of an inverting agent, such as invertase; or use of a partially
inverted type of liquid sugar. One of the primary advantages of using
corn sirup in such cases is that it usually is the less expensive and
appears to be of little disadvantage if used in relatively small amounts
(10 to 15 percent), When some reduction in sweetness is also desired,
- corn sirup possesses an additional advantage., Because of their higher
sweetening power and lower dextrin content, the high-conversion types
of corn sirup can sometimes be used as a larger percentage of total
sweetening ingredient than the regular type corn sirup before adverse
effects upon quality are encountered, However, many confectioners
- believed that the advantages of high conversion sirup over regular sirup
were not sufficient to offset their higher price and warrant their wide-
spread use in confectionery. There does appear to be an increasing usage
of the high conversion types when corn sirups are for the same purposes
as invert sugar, '

Sugar vs, Dextrose

Dextrose is used in either its hydrous or anhydrous form by

about one-fifth of all the confectioners and chocolate manufacturers
included in the survey. However, it usually comprises only a small per—
centage of total sweetener and in most cases the volume of dextrose used
by the reporting company is negligible, An additional 40 percent of
nose interviewed reported using it during the war years, but said they
discontinued its use after sugar became readily available again in late
1947, Although it was used by some in various types of confectionery,
its use was more widespread in marshmallows, gums and jellies than in
other types of candy. Use of dextrose by confectioners in 1948 ranged
from one-eighth of the manufacturers in the West to slightly less than
one-fourth in the Southern and Middle Atlantic States. (See Tablel9)
Based on the 144 interviews made within this industry, it appears that
dextrose is normally utilized in confectionery as a replacement for sugar
rather than corn sirup, The fact that dextrose does not impart the same
physical characteristics to candy as does corn sirup is, of course, the
major deterrent to the replacement of corn sirup by dextrose., The amount
of the replacement of sugar by dextrose varies with the type of candy
being made, but usually ranges from 5 to 20 percent of total sweetener.

Confectioners who favored the use of some dextrose reported doing
so for three principal reasons: (1) a belief that dextrose has properties
which make for a creamier batch and extend “helf life of the candy;
(R) because dextrose permits a reduction of sweetness which is considered
desirable by some confectioners in certain types of candy; and (3) because
dextrose sells at a price differential under sugar.

The group which used dextrose during the war and has since discon—
tinued its use, and those who have never used it, objected to it on the
grounds that: (1) due to its lesser degree of sweetness and solubility
in comparison with sugar, it tends to make candy coarse-grained and



Table 19, Confectionery, all types:' Corn sweetener usage by confectioners and chocdlate manufacturers,

by areas, United States, 1948

Tyce of Corn New England Middle Atlantic  Southern North Central Western United
Sweetener Used - States : States States States ‘ States States
‘ No., Percent No. Percent No, Percent No, Percent No, Percent No, Percent
Regular Corn Sirup‘ll 84,6 27 90,0 28 96,5 43 86.0 - 14 87.5 123 89,1
- High Conversion | ‘ | ‘ -
Corn Sirup‘l/ 3 23,1 4 13,3 5 17,2 8 16.0 3 18.8 23 . 18.7
Dextrose g/ 2 15,4 7 R3,.3 7 24,1 11 22.0 2 12.5 29 21,0
Any corn sweetener 13  100,0 R7 90.0 29 - 100.0 46 9R.0 T 37.5 1R9 93,5

Used no corn

~ sweetener 3/ - 3 10,0 - 4 Ba0 i« 12,5 9 6.5

—
— Tr—— . ou—

Total Manu- 13 100.0 30 100.0 29  100,0 50  100.0 16  100.0 138 100.0
facturers ‘

Source: Marketing Research Surveys Sugar Branch PMA

1/ 1In the New England States—2 (15 4%), in the Southern States--1 (3.4%), and in the North Central
States—3 (6.,0%) of the manufacturers used only high~conversion corn sirup in combination with sugar.

g/ No manufacturers used only dextrose in combination with sugar-athe corn 51rups were used in at least
one or more products by the corn sweetener users.,

3/ Chocolate and licorice manufacturers only.
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and sandy when used in high enough percentages to be an economic sub-
stitute for sugar;.-(2) when enough is used to net a saving over cost

~ of sugar replaced, it may tend to make candy sticky, sweaty, and hard
to handle in hot weather; (3) it may discolor and toughen candy which
must be cooked to a higher temperature; (4) it occasionally crystal-
‘lizes out in pumps and pipe lines, :

- Many declared that the price differential between sugar and
dextrose was not a factor in deciding for or against the use of the
latter. These manufacturers felt that by the time consideration was
given to the increased amounts of dextrose required to compensate for
its lower sweetening value, and costs for handling a third sweetener
were figured, any advantage in price differential was eliminated.
Confectioners also generally thought that dextrose was customarily
priced too high in relation to corn sirup to be an economic substitute
for it in a candy formula,

i

'SWEETENER USE BY TYPE OF CONFECTIONERY

‘Hard candies, as discussed herein, include not only those types
which are easily recognized as "hard," but also such allied kinds as
brittles, crunches, crisps, toffeys, hard mints, and mint drops,
‘Granulated sugar is by far the more important of all sweeteners in
hard candy manufacture, being used in higher ratios to other sweeteners
than in any other class of confections except chocolate, Generally
speaking, all of the sweeteners having predominant invert characteris-
tics, such as partially inverted liquid sugar, invert sugar, honey,
high-conversion corn sirup, and molasses, are not popular in hard-
candy manufacture, due to their tendency to cause excessive sweating
during humid weather, Turbinado sugars are rarely used in hard candies
because they also tend to impart discoloration and an excessive molasses
flavor, ' ) )

A large proportion of high-quality hard candies was reported to be
made with from 60 to 70 percent sugar, and the balance of total sweete
eners being regular corn sirup. Almost one-third of the hard candy
- manufacturers visited were using 60 percent and 40 percent corn sirup

while slightly more than a fourth reported using 70-30 proportions.
‘When open-fire cooking methods were used, ratios of 70 percent sucrose
~to 30 percent corn sirup were common. In the more modern vacuum-pan
cookers, a ratio of 60 percent sucrose to 40 percent corn sirup was
very common, The majority opinion was that corn sirup in excess of
40 percent of total sweetener causes excessive sweating and stickiness
of hard candies in hot or humid weather. It was not uncommon, however,
to find hard candies of average and good quality being made with higher
~ percentages of corn sirup, since 15 percent of the manufacturers reported
common usage of a 50-50 formula, Individual pieces are often wrapped
in moisture resistant cellophane, or the candy may be packaged in glass
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containers; and more corn sirup may be used when the candy is to be
marketed in cold weather,

A few firms reported using 100 percent sugar in hard candies, but
in general, this percentage of sugar was reported to cause excessive
graining or to make candies chalky., At the opposite extreme, con-
fectioners occasionally made use of 100 percent corn sirup, and no
sugar, in order to keep in business during the war rationing period,
but stated that while it did make hard candy which could be marketed
it lacked sweetness, was difficult to handle in humid weather, and dld
not fracture properly in eating.

Under normal conditions only a few manufacturers were using high-
conversion corn sirups or dextrose, Even during the war their use of
‘these products was not widespread. The high dextrin content of regular
conversion corn sirup is what is wanted in a corn sweetener for making
hard candy, The high-conversion sirups and dextrose, moreover, are
both more expensive than regular corn sirup. Although corn sirup
solids were used during the rationing period in hard candy formulas,
sometimes for up to 45 percent of total sweetener, they are not used
now, because the desired characteristics can be imparted to hard candy
at less cost by the use of regular corn sirup. ,

Fondants and Creams

The manufacturers of fondants and creams are treated here as a
group, While fondants are sometimes sold as such, they usually form
the basis for creams, Basically, fondant is made w1th either all sugar
plus a small amount of invert sugar or inverting agent, or with sugar
plus either regular corn sirup or a combination of regular and high-
conversion corn sirups., The sweeteners are cooked to the proper tem-
perature, cooled to creaming temperature, and then creamed to give the
consistency known as fondant. In the manufacture of creams, the fon-
dant base is further processed through the addition of what the industry
knows as: (a) a "bob" (a sirup similar to that used for the fondant but
not creamed); (b) a "frappe'" (consisting of corn sirup and sugar or
invert sugar, and albumen, which have been boiled and beaten until similar
to meringue or marshmallow); or (c¢) a "mazetta' (another of the marsh-
mallow-like products, similar to a "frappe"), These intermediate pro-
ducts are worked up into various candies coming under the general head-
ing of "creams," :

From the surveys, it is apparent that the greater proportion of
manufacturers of fondants and creams use a relatively high ratio of
sugar in proportion to corn sweetener, which is usually regular corn
sirup. The ratios used by about 40 percent of all fondant manufacturers
and about half of the makers of creams interviewed ranged from 70 to 80
percent sugar to 20 to 30 percent corn sirup. The bulk of the remainder
felt that fondants and creams of acceptable quality could be made with
60 to 65 percent sugar and 35 to 40 percent regular corn sirup. Although
a few firms reported that the use of corn sweetener up to 50 percent or
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more of total swestener was resorted to in periods of shortage or to
meet a lower quality demand, ordinarily the minimum proportion of

sugar required to make acceptable creams and fondants was considered

to be about 40 percent. If more than 40 percent corn sirup were to

be used, it was thought that the product would be likely to be heavy
and tough, and lacking in sweetness, Many confectioners making high
and medium quality creams and fondants with percentages of corn sirup
ranging from 20 to 40 percent of total sweetener, prefer to use invert -
sugar up to about 5 percent of total sweetener and decrease the pro-
portion of corn sirup accordingly. When invert sugar is not used, all
or a portion of the corn sirup may consist of the sweeter hlgh—conver51on
- type, the objective being to obtain a sweeter and more tender product

~ than would result with the larger percentage of regular corn sirup.

In both creams and fondants it is not uncommon for confectioners
to use 100 percent sugar, cooking this with a little inverting agent,
such as cream of tartar, or tartaric acid, 4 very small amount of
the enzyme invertase is often added, after cooling sufficiently and
before coating with chocelate, to control graining, give longer shelf
life, and prevent fermentation by making it possible to work the batch
to a higher temperature or density. As the proportion of sweetener
represented by sugar is decreased and corn sirup is increased, the need
~ for the inverting agent diminishes, When the proportion of corn sirup
is 30 percent or more, most confectioners do not use inverting agents
in fondants and creams, ,

The proportion of sugar and corn sirﬁp used in fondants and creams
depend largely in the first instance upon the previously determined
quality of product or type of market for which the product is intended,

Once a manufacturer has decided whether he wants to produce for
‘the average or high-quality market, it is a mat’er of judgment as to
the ratio of sugar to corn sirup which he believes best from a technical
“standpoint. If he has decided to aim for a high—quality fondant or '
cream, for example, the primary consideration in deciding whether to
use as little as 10 percent or as high as 30 percent corn sirup is the
question as to what combination w1ll best yield a product having the
desired characterlstlc.

- The price of corn sirup in relation to sugar is also important,
and this consideration becomes inrreasingly important as the price
competition among manufacturers narrows the margin between selling price
and production costs, The price differential appeared to be more im-
portant to firms using regular corn sirup as the sole other sweetener
in combination with sugar. Where manufacturers were using high-conver-
sion corn sirup as all or part of the total sweetener, or were using
some invert sugar along with the corn sirup, the price differential
between sugar and corn sirup did not appear to be as significant a
factor. Instead, the choice of sweeteners, in these cases, seemed
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to depend largely upon préferences ‘associated with the diffei'ences in .
physical properties imparted to fondants and creams by the use of
various proportions of these sweeteners.

Nougats and Caramels

Most manufacturers of nougats and caramels were using from 50 to
60 percent sugar, and the balance corn sweeteners. By far the most
commonly used corn sweetener was regular corn sirup. High-quality
nougats and caramels were made by using approximately 60 percent sugar,
while those with 50-50 ratios were considered to be of about average
quality. About half the caramel manufacturers and about a third of
those making nougats were using half sugar and half corn sirup, while
about a fourth of the caramel manufacturers and a third of the nougat
manufacturers stated that they used 60 percent sugar and the remainder
corn sirup., Extremely high—quality nougats and caramels were sometimes
made with as high a proportion as 70 percent sugar, but this was said
to represent about the maximum sugar usage consistent with maintenance
of the desired chewey characteristics of these types of candy. Sugar
in excess of 60 percent was reported to cause graining in nougats and
caramels, unless accompanied by low percentages of invert sugar, or
~unless an inverted type liquid sugar or high-conversion corn sirup is
used. On the other hand, average Quality caramels reportedly are
possible with as little as 30 percent sugar, if the remaining 70 per-
cent is made up of high-conversion corn sirup., Similarly, a combi-
nation of 60 percent regular corn sirup, 5 percent invert sugar and
35 percent sugar was said to be suitable for producing average quality
caramels, '

Despite the statements of confectioners that high-conversion corn
sirups and invert sugar could advantageously be used in place of a part
of the regular corn sirups, in order to make caramels and nougats sweeter
and more tender, only a small proportion of them were using ‘these pro-
ducts, presumably because of the additional cost incurred unless the
proportion of sugar is simultaneously lowered. ' )

There appeared to be considerable evidence that manufacturers of
nougats and caramels varied the proportions of sugar and corn sirup to
take advantage of changes in the price differential between these two
sweeteners. Most of this variation seemed to occur between the two
ratios of 60 percent sugar to 40 percent corn sirup and 40 percent sugar
to 60 percent corn sirup. As confectioners approached the latter ratio,
however, they usually made use of small percentages of invert sugar or
shifted, at least in part, to high-conversion corn sirup, in order to
counterbalance the toughening and loss of sweetening which would result
if only sugar and regular corn sirup were used in a 40-60 ratio,

None of the surveyed firms making caramels reported the use of
dextrose, and only 10 percent of the producers of nougats reported its
use at that time, Use of dextrose in nougats was in very small propor-
tion of total sweetener—usually not more than 5 or 10 percent. During
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the war years, however, it was used frequently up to 50 percent of
total sweetener, Ome reason given for not liking dextrose was that it
toughened the candy, Those who used some dextrose in making nougats

- believed that it could be substituted for a certain amount of sugar at
~a slightly lower cost than by use of corn sirup alone with sugar, On
the other hand, there were many who saw no particular finaneial ad—
vantage in using small percentages of dextrose, and expressed a dislike
for handling a third sweetener,

- During the war, corn sirup solids were used in making caramels

~ and nougats in amounts up to R0 percent of total sweetener. Use of this
- product has now been practically abandoned, however, because its hygro-
- scopicity in small lots in an open bag makes it hard to handle, and
because it costs more than corn sirup., The survey showed candy manu-
facturers can use direct-consumption types of sugar to advantage in
nougats and caramels because of the darker coler of these candies,
Their use up to 40 percent of total sweetener was reported by a few
companies, such use being attributable, of ‘course, to the price differ-
ential under fully refined sugars., Honey and molasses were popular in
these two confestions as flavoring agents, '

Gums and Jellies

Some combination of sugar and regular corn sirup is by far the
general rule in making gums and jellies, Of the 51 plante surveyed
which produce these types of confections, all wed sugar and all but
four used regular corn sirup, Only one plant used invert sugar, while
the percentages of those using dextrose and high-conversion corn sirup
- were 15,7 and 7.8, respectively, - '

: ~ The consensus among manufacturers was that top quality is achieved
when two-thirds of the sweetener is sugar and the remainder is regular
corn sirup, Average quality gums and jellies were said to result with
SO to 60 percent corn sirup, or even as much as 70 percent corn sirup,
if the pieces are sanded or coated, Sanding the piece with coating
sugar reduces the tendency to sweat in hot and humid weather when high
percentages of corn sirup have been used, Almost half of those who were
making gums and jellies used half corn sirup and half sugar for the
sweetener contents, while another 20 percent preferred to use 60 per-
cent corn sirup, Toughness and sweating were reported to result if the
proportion of corn sirup was more than 60 percent. Confectioners indi-
cated that temperature of the cook was as much a controlling faetor for
- producing tenderness or toughness in gums and jellies as is the percent-
age of sugar and corn sweetener used, During the World War II sugar
~ shortage, confectioners frequently used corn sirup as the only sweetener
in these products, N

- As with nougats and caramels, the price differential between sugar
- and corn sirup materially affects the propertion of these two sweetenmers

o ‘used in gums and jellies, An increase in the differential will encourage

- those using a 6040 ratio to switch to a 50-50 or even a 40-60 formila,
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and a narrowing of the differential will have the opposite effect.
Other considerations usually restrict a confectioner from adjusting
the proportion of sweeteners beyond this R0 point range.

High-conversion corn sirups appeared to be gaining in popularity
for this type of product, offering greater sweetness than regular corn
sirup, and a more tender piece. It was reported tifat sugar percent-
ages could be reduced considerably when the high-conversion type was
substituted for regular conversion corn sirups, Some manufacturers
indicated that production costs could be lowered when high-conversion
sirups were used for replacing part of the sugar and part or all of the
regular corn sirup requirements., Many felt that use of this sweetener
and less sugar increased the shelf life and gave the products the
desired degree of sweetness, and that its use instead of regular corn
sirup improved texture and flavor,

Considerable controversy was found to exist as to the place of
dextrose in making gums and jellies., Those who did not favor its use
maintained that batches containing it must be cooked to a higher tem-
perature, with resultant toughening and discoloration attributed to
caramelization of the dextrose, Others, however, maintained that
dextrose in amounts up to 25 percent of total sweetener aided in moisture
retention in these pieces, made them more tender, and allowed a little
reduction in ingredient costs.

Marshmallows

The most common sweebener ratio used by the marshmallow manufacturers
interviewed approximated half sugar and half corn sirup, This is the
point where they reported that the amount of sugar needed for this type
of candy is being provided and maximum savings in cost of materials are
attained, When the proportion of corn sirup is increased beyond 50 per-
cent, marshmallows were said to have a tendency to become sticky and
lack sufficient body to hold up firmly., However, some firms used as
high as 85 percent corn sirup and said they were making a marshmallow
which was quite acceptable in certain markets, Several confectioners
reported making marshmallows with 100 percent corn sirup during World
War II; these products were admittedly tough and had a short shelf life,
but, when coated, were acceptable under wartime conditions, The mini-
mum amount of corn sirup used in marshmallows was reported to be 40 per-
cent of total sweetener, Using less than this amount was reported to
result in too dry and stiff a marshmallow, Proportions of sugar and
corn sweeteners are rather flexible in this tvpe of confection, and a
high-quality product can be produced u:ing » wider variety of sugar-corn
sweetener ratios than is generally true of other confections,

Regular corn sirup was by far the most common corn sweetener used
in making marshmallows, being employed by about three-fourths of the
producers, About one-fourth of the X9 manufacturers used high-conversion
corn sirup, about a fifth used dextrose; and most of them used regular
corn sirup as well, Use of invert sugar was rarely reported, since



other sweeteners, principally high-conversion corn sirup, were said
to do a similar job of controlling grainings, increasing tenderness,
improving keeping quality and at a lower cost.

High-conversion corn sirups are steadily gaining in favor among
marshmallow manufacturers because, being sweeter, they help to reduce
costs of production by replacing a greater amount of sugar than is
possible with regular corn sirups. In addition, these sirups were said
to have the property of keeping marshmallows from drying out when their
shelf life would be likely to be long, and their lower dextrin content
was said to give a marshmallow with a more tender or Ufluffy" texture.

Several confectioners indicated that dextrose could readily be
used for replacement of from 10 to 20 percent of the sugar content,
They thought that this amount of dextrose gave more body to the marsh-
mallow, improved its texture, and increased its moisture-retaining pro-
perties, and that this practice permitted a small saving in material
costs, On the other hand, many manufacturers indicated the belief that
beneficial results or economies derived from the addition of dextrose
were insufficient to warrant the trouble and expense of handling a
third sweetener,

In the manufacture of marshmallows the use of larger amounts of
corn sweetener has persisted since the war emergency, when it was the
general practice of many confectioners to use as much of these sweet—
eners as possible, In many instances less sugar and higher ratios of
the high-conversion corn sirups, plus enough dextrose to stiffen and
improve the texture of the marshmallows, were being used at the time
of this survey,

Fudge

Sweeteners used in the great bulk of fudge manufactured for general
use usually consist of between 60 to 70 percent sugar and 30 to 40 per-
cent corn sweeteners, with or without the use of small percentages of
invert sugar. The best ratio for all-around use was reported to be
70 percent sugar and 30 percent regular corn sirup, this being just
enough corn sirup to maintain the proper softness of the piece, control
crystallization, and prevent grainy consistency. Some manufacturers use
regular coyn sirup while others use a combination of the regular and
high-conversion types, Some invert sugar is often used instead of high-
conversion corn sirup. Manufacturers indicated, however, that invert
sugar cannot be substituted for all of the corn sirup ratio called for,
because of the need for the dextrins of corn sirup to control body and
texture of the piece and reduce the sweetness,

Although fudge made with as much corn sirup as 40 percent of total
sweetener was disliked by some because they believed the flavor of corn
sirup too detectable at this point, this combination was fairly popular
because materials cost in acceptable quality fudges was minimized at
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this point, In wartime, the sugar content dropped below 60 percent
but high-conversion corn sirups or invert sugar were added to bring
up the sweetness and to tenderize the product., Proportions of sugar
above 70 percent were generally considered too expensive for profit-
‘able operation, However, many high-quality fudges are made with 75
or 80 percent sugar, around 5 percent high-conversion corn sirup or
invert sugar, and the remainder regular corn sirup., Proportions of
sugar in excess of 80 percent of total sweetener were considered to
result in fudge which was too dry or short, Therefore, the area of
substitution between sugar and corn sirup in making fudge is largely
 in the area between 60 and 80 percent sugar, It is only within this

~ 20-point range that changes in the price differential between sugar }

" and corn sirup have any material effect upon the proportions of sweet—
eners used, However, price relationships between regular and high-
conversion corn sirup and between these sirups and invert sugar
determine to a large extent the exact proportions of those sweeteners
which will constitute the 20 to 40 percent of total sweetener which is
not sugar,

Sixty—five percent of the fudge manufacturers reported using
dextrose at the time of the survey. Ordinarily it was not used in
amounts in excess of 10 to 15 percent of total sweetener, Manu-

- facturers who favored its use felt that small amounts of this sweet-
ener resulted in a fudge which was tender and had good moisture-
retaining properties, If used in excess of 10 to 15 percent, however,
dextrose was said to cause excessive crystallization, The price
differential between sugar and dextrose seemed to encourage little
use of dextrose in fudge. On the other hand, the lower price of corn
sirups and the cost and inconvenience of handling another sweetener
definitely seemed to discourage the use of dextrose.

Chocolate

The sweetener content of chocolate depends to a large degree upon
the type of chocolate being made, However, there may be considerable
variation in sweetener content within a given type, since the type of
chocolate depends more upon the proportions of cocoa, milk and butter
used than upon the sweetener content, The four rather distinct types
of chocolate recognized in the trade are sweet, milk, semi-sweet, and
bittersweet. The sweetener content of sweet chocolate was reported to
vary from 38 to 50 percent; semi-sweet from 30 to 45 percent, and milk
from 20 to 53 percent, Bitter-—sweet ordinarily contains very little
sweetener, but in some cases was reported to be made with from 7 to
20 percent. N S -

Manufacture of chocolate is one industry in which there is little
use of any sweetener other than granulated sugar. Except for the use
of corn sirup in making chocolate sirups for soda fountain and home use,
the 14 chocolate manufacturers surveyed reported using no corn sweebener
at the present time. However, about two-thirds of these plants did use
954135 O—51——10
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dextrose during the'waf. Direct—consumption type sugars were being
-used by only two of the fourteen manufacturers; during the war these
sugars were used by two other plants,

Only dry sweeteners such as sugar, anhydrous dextrose, (or corn
sirup solids) are permitted by Federal food standards in the manu-
facture of sweet chocolate or sweet chocolate coatings., Generally -
any sirup was strongly objected to, because of the difficulties of
coping with excess moisture, However, a few chocolate manufacturers
who use fluid milk in making milk chocolate did not object to the use
of liquid sugar, since it can be mixed with the fluid milk and then
dehydrated prior to combining with the chocolate liquor, In the manu-
facture of the other types of chocolate, semi-sweet, bitter-sweet, milk,
and sirup, there are no Food and Drug Administration restrictions on
‘the type or amounts of sweetener, dry or liquid, that may be used,

Dextrose was more popular than corn sirup solids in chocolate
products during periods of sugar shortages, primarily because of its
greater sweetening power, less hygroscopic property, and ease of hand-
ling, Dextrose was most commonly used in milk chocolate, Although
Federal food and drug regulations permit use of dextrose in sweet choco-
late up to a third of total sweetener, and place no limit in its use in
other types of chocolate, it ordlnarlly was not used in amounts greater
than 25 percent, When it was used in greater proportions, a product
which lacked adequate sweetness was reported to result,

Chewing Gum

Sweeteners account for 70 to 80 percent of the total weight of
chewing gum, Of the total amount of sweeteners used in chewing gum,
from 60 to 75 percent usually is regular corn sirup, the remainder being
sugar or a combination of sugar and dextrose, Corn sirup solids, invert
sugar, and high-conversion corn sirups normally are not used.

Sugar is needed in chewing gum to provide the desired sweetness,
whereas corn sirup is essential for the provision of chewey characterls-
tics supplied by the dextrins in combination with the gum base. Unlike
many types of confections, high-quality chewing gum is not necessarily
associated directly with high sugar proportions., Some low-quality gums
- were reportedly made with 50 percent sugar, while 40 percent or less
sugar was quite common in many high-quality types. This would appear to
indicate that the price differential between sugar and corn sirup was a
relatively unimportant influence affecting proportions of these sweet-
eners, The desired sweetness and degree of chewiness appear to be the
primary considerations influencing the combination selected,

The primary area of competition between sweeteners in making chew-
ing gum is between granulated sugar and dextrose, The price differen-
tial between these two encourages many manufacturers to use dextrose up
to the 1limit permitted by its physical characteristics, Those who do
not use dextrose fail to do so principally because of the mechanical
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disadvantages associated with using three different sweeteners (sugar,
corn sirup, and dextrose), While some firms making bubble gum ran up
the percentage of dextrose to total sweetener as high as 24 percent,
the general average in high-quality chewing gum ranged between 5 to
10 percent, Manufacturers reported many difficulties when trying to
use dextrose in excess of 10 percent, For example, it was necessary
for them to adjust air-conditioning temperatures in the whole plant
when larger amounts of dextrose were in the mix, In other instances
the dextrose crystallized out and interfered with the mechanism of the
- chewing gum production line, Normally, it is the dissolved sugar which
‘lubricates all of the surfaces in the chewing gum production line to
prevent the batch from sticking anywhere during the manufacturing pro-
cess, When dextrose in excess of 10 percent was used, its slower rate
of entering into solution, in relation to sugar, caused it to crystal-
lize and make the batch adhere to the equipment, Some firms tried
dextrose in the sugar coatings of chewing gum but found that it did
not adequately prevent stickiness during hot weather,
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THE CANNING INDUSTRY

" The Purpose of'Swaeteners in Camned Foods

Almost all fruits, the mejority of acid vegetables, and some of the
non-acid vegetables are cammed with a sweetening agent or egents. The use
of sweeteners in canned foods is primarily to improve the flavor or pala-
tability of the product, preserve natural colors, and prevent material
changes in the texture of their cellular structure. The use of what is
known as a "canner's" grade of sugar, which has been treated by ultra=
violet rays or other suitable process to reduce the count of thermophilic
bacteria sometimes present, is a precaution taken in the canning of non-
acid foods, especially vegetables. Protection from fermentetion and
growth of bacterie or molds in canned foods is controlled prinoipally
through heat processing and packzng in air=tight oontaxners.

Fruits which are intended to be eaten directly in the form in which
they come from the can are better dessert items when sweetened. Those
which are to be used in jelly-making, pie fillings, or salads, may be
unsweetened, since they are sweetened or seasoned to taste when used.

In canning, the fruit i~ subjected to temperatures aufflclently high
to kill ell actively-growing bacteria and yeasts. The sirup which is
then added may be made witlh the sweetener or sweeteners of the cammer's
choice s0 long as their use is permitted by applicable Federal and State
food standards governing +'3 particular fruit being vanned., Mandatory
Food and Drug Administrati’ : reguletions or voluntary U.S.DeA. standerds,
‘and in isolated cases, &%. .e laws place limitations on the use of sweeteners
‘in certain canned foods. These limitations may be with respect to the type
of sweetener permitted, the proportion of total sweotener which may be
comprised of & particular sweetening agent, reanges in the amounts of swoot~
eners which must be used, or requirements for labeling identification.
(See pages 80 to 94 for detailed discussion of the impact of Food and Drug
‘regulations, U.S.D.A. standards, and selected state laws on sweetener
usage-)—

Amounts of Sweeteners Used in Cammed Foods

The amount of total sweetener with which fruits are cammed is related
to the density of the sirup added to the fruit. This density is usually
“expressed in terms of degrees Brix, which is the approximate percentage

of solids in the sirups Low~density sirups, familiarily kmown as "light"
 sirups, are usually 20° Brix or less, while high-density sirups, called
- "heavy" or "extra-heavy" are often 60° Brix or moree Medium=-density
sirups have an intermediate Brix reading.

When sugar is the sole sweetening agent and 6n1y water is used to

- make the sirup, the weight per gallon of a 202 Brix sirup at 20°C would

be 9,012 pounds, while that for a 60° Brix sirup would be 10,727 pounds
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at the same temperatures 63/ Thus, a gallon of 20° Brix sirup would
contain 1,802 pounds of sugar (20 percent of 9,012) while the same quan-
tity of 60° Brix sirup would contein 6,436 pounds, or more then 3 times
as muche This shows that there is not a 1 to 1 relationship between
veriations in Brix and sugar content per gallone Because some of the
corn sweeteners are not moisture-free, lerger amounts of these must be
used to produce sirups of equivalent density.

The density of the packing sirup becomes considerably thimned in
canning es the result of an interchange oi & part of the sirup with the
lighter-density natural julces of the fruitse This interchange is complete
snd the Brix becomes constent approximr.cely 15 days after canninge The
sirup density then preveiling in the pack is kmowm as "out-out™ Brix and
may be as low as 12° to 14° for the light sirups, the original demsity of
which was 20°, end from 24% to 30° for the heavy sirups of original
densities from 502 to 60° The specifications for sirup densities in-
cluded in food stemdards are uwsually in terms of "out-out” Brix. There
is no hard-and-fast relations’ip between "put=in" Brix and "cut-out"

" Brix. The relationship varies with type and grade of fruit, density of
sirup, and proportion of si up used.

The density of sirup in which fruit is packed varies with the type
of fruit and differences in the quality of grade. Fruits which are bland
or delicate in flawur mny be packed in the lighter sirups to avoid masking
their flavors by excessive sweeinesse Some canners prefer to prevent
 excessive sweetness in fruits packed with relatively heavy density sirup

by using one of the corn sweeteners as a portion of the sweetening in-
grediente With fruits which are highly acid or which have rather strong
or pronounced flavors, the heavier (sweeter) sirups may be used without
too much concern over their effect on the frults! natural flavors.

Table 20 givés “she renge in sirup densities and the densities most
frequently usa. whi:h have been reported for the principal canned fruits
and fruit julices.

While ~:’etables are not necessarily canned with the use of a
sweetener, #« fow of them, principally beans, peas, and corn, and various
sauccs suell ar chili sauce, catsup, etce are put up with small amounts
of sweetcnur added as a seasoning, like salt or splce, to accentuate or
improve %hei : natural flavors. In the case of these products, the Federal
food ind doug stendards limit the sweetener which may be used to sugar
en¥ de trose. The amounts used vaery considerably for the different
p-oiusts, and for the same product they differ eccording to the preferences
of individual cenners. Food stendards ordinarily do not specify any
minimum or maximum amount of sweetener for use in camning vegetebles.

The amounts reported for certain vegetebles are given in Table 21.

63/ Spenc,ef, Guilford L. and Meade, George P., A Handbook for Cane
Sugar Menufecturers end Their Chemistse N.Y., Jolm Wiley and Sons, 7th
Edition, 1929, Table 33A, ppe. 476=T. '
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Table 20 = Densities of Packing Sirups when Sweeteners are Used in
' Canning Berries, Fruits end Fruit Juices

Berry, fruit, or Renge in density
fruit juice low ~  High Most usual density
© "Putein" © "Putein © "Pug-in"
Brix =~ Brix Brix

Apricots sececescscceces 60 o 67 | 65
Cherries sececvecccccrces 7 40 o 67 50
Citrus —juice *esss0ceres 12 ) 14 o 12-13

- Citrus segments ececeecee 14 - 18 16-18

- Fruit cockteil . escscces 40 50 45
Peaches oooo.cocconooi... - - B0 V 7 67 ' 67

',VPHVarS .oooccooooyo,booooar 20 o 7 67 ) o 45
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Table 21 - Amownts of Sweeteners Cften Used in Certain Canned
Vegetables and Related Products

Sweetener Renge

Average Amount of

Product Low High Sweetener Used

Percent of Sweetener to

Total Weight of Finished

Product:

Beens, kidney eececesces 1 1L 1

Beans, lim& secececcssss 1 13 1

Pork and beans esesvose 2 4 1%

Poas, Zerden sescsvecsss 5 1 1

SOUPS eesessccocsassncen 1 4 2

CALEUD esessecncosrcasce 7T 26 17
Percent of Sweetener in

Brine or Sauce:

Beens, Bostone-haked seee 5 19 13

Beans, green seeccscsces 1 4 3

Beens, Kidney eceecececes 2 17 8

Pork and beens eseeseees 10 18 14

Poes, gArden eccecvccece 3 7 4

Corn, SWeet ssesceccsces 4 15 7
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Use of Sugar in Canned Foods

Number of Cenners Using Sugar - Sugar and dextrose are the sweeteners
most commonly used in cammed foods. Other sweeteners include sirups or
corn sirup solids, molasses, and honeyes All ceamners surveyed used sugar
in either grenular or liquid form, and no particular preference was indi-
ceted for either cene or beet sugare Approximately 64 percent of the

- canmers who were contected reported that they used sugar as the sole
sweetening agente

~ Although about 90 percent of the canners said that they used only
dry sugar, liquid suger was found %o be increasing in popularity. Memy
canners claimed that liquid sugaer containing & substantial proportion of
invert sugar was more effective then dry sugar in tenderizing the skins
and oonserving the fruit's natural texture. On the other hand, many
believed that the additional water in liquid sugar (or, for that matter,
additional water added to the product by eny sweetener in sirup form)
was a hendicap, in that it diluted the natural fruit juices excessively.

A small number of canners reported the occasional use of direct=-
consumption sugars. These were used solely for economy and principally
in the Chicago aree and the South, where competition is keener and some
of the smalleyr firms found it necessary to pare their production costse.
In products such as pork and beans or sweét potatoes, the slight molesses
- flavor of turbinados was said to be wnobjectionable., Molasses and honey
were used for flevoring as well as sweetening agents for such products
as Boston baked beans, red kidney beans, and tinned, dark breads.

Reasons for Use of All-Sugar Packs = The survoy showed that long association
of suger with high-quality cemmed goods is & major factor influencing meny
cannere to retain their well-established all=sugar packs rather than
experiment with other sweeteners. Since cemned goods are bought lsrgely
-on the basis of brsnd nemes, meny of the larger and more widely=knowm
firms are reluctent to change their formulas for fear of upsetting estab=-
lished consumer preferences. There are camners, of course, who believe
that any change from an all-suger formule actually would result in a
lowering of quaelity, and that economies, if any, resulting fron use of
corn sweeteners in any amounts would be more then offset by a lowering

of consumer acceptence for the product. Another adventage of using all
sugaer in packs, as reported by the cenners interviewed, was that it was
the only sweetener which could be used alone in a broad variety of items.
Eendling two or more sweeteners was ssid to add to ineplant hendling
expenses and to increase the chances for error in the formulas, The
principal disadventage of some all=-suger packs were said to be excessive
sweetness and a masking of delicate fruit flavors.

Use of Dextrose in Camned Fruits and Vegetables

Number of Cenners Using Dextrose - About a third of all the canners
interviewed used dextrose. Dextrose was found to be most popular among
the cenners on the West Coast and in the Floride citrus area, where in
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 approximetely half of the plents visited, canners were using it. Nearly
half of the canners used dextrose at times during the recent war. Its
current acceptance is due in part to the wartime experiences,

Proportion of Total Sweetener Composed of Dextrose - In most instances,
dextrose was being used in combination with sugar. As a general rule,
dextrose comprised from 20 to 25 percent of the total sweetening ingredients
when used in eamned fruits and vegetables, The most ususl proportions for
dextrose are given in Table 22, It will be noted that, while Federal

food and drug stendards for certain camned fruits (peaches, apricots, pears,
cherries, and fruit cocktail) allow dextrose to be used up to one=third of
total sweetener, canners usuelly preferred to hold the proportion of this
sweetener to 20 percent. Such a limitation on the use of dextrose report-
edly was for the purpose of preventing carmelization when high cooking
temperatures were used and avoiding crystallization during cold weether

and refrigeretions The highest percentages of sweetener comprised of
dextrose were found to be used by the canners of citrus segments and juices.
Meny citrus cenners were using half dextrose and half sugar, while a few
reported using 100% dextrose. The flavor of most canned citrus products

is cheracteristically bland. Use of dextrose as a fairly large proportion
of total sweetener is believed by meny citrus canners to detract less from
the natural fruit flavors. This viewpoint was commonly expressed in both
California and Floridae

Table 22 - Most Usual Percentages of Total Sweetener Reportedly
Composed of Dextrose

Fruits and Vegetables and
Berries Percent Other Items Percent
Peaches 20 Corn 25
Plums . 20 Sweet Potatoes 25
Pears 20 Peas 25
Apricots 20 Succotash 15
Cherries 20 Beets 20
Fruit Cocktail 20 Beans snd Tomato
Raspberries 25 Sauce 20
Citrus Segments 50 Green Beeans 15
Citrus Juice 50 Pork and Beans 25
Ceatsup and Chili
Sauce 25

Spaghetti Sauce 20
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Advantages and Disedvantages of Using Dextrose

) The majority of cemnners using dextrose stated that whenever not more
then 20 to 25 percent of total sweetener was dextrose, there were no
significent differences in color, texture, or flavor of the canned product,
as compared with en all-sugar formula. The principal characteristic of
dextrose which mekes it popular with cemners was said to be its ability

to maintein the desired percentage of solids in the sirup, while at the
same time effecting a reduction in total sweetness that emhances the

- natural flavors of some cenned products. This was reported to be espe~-

cially true in the case of fruits having e delicate flavor.

The greater osmotic pressure of dextrose solutions, in comparison

-~ with sugar solution of equal density or concentration, permits a more
repid entrance of this sweetener into the pores of the fruit. This more
rapid exchange of sweetener for the natural juice of the fruit was said
Yo aid in preserving good color and texture. Opinion was about equally
divided with respect to the net effect on costs resulting from use of
dextrose as a portion of the sweetening agent. Some cenners believed
that the price differential under sugar permitted a reduction, others
maintained that because it was necessary to use larger amounts of dex~
trose to compensate for its lesser degree of sweetness, end because of
additional ine-plant costs of handling two sweeteners, costs were not
materially lowered and might even be highers Those who reported that the
use of dextrose as a portion of total sweetener enasbled them to reduce
costs ordinarily were those who substituted dextrose for sugar pound for
pound rather then using sufficient additional dextrose to compensate
fully for its lower sweetening value.

A few canners objected to dextrose because they believed Federal
food and drug standards required thet it be declared on the labels of
canned fruits and vegetables, (Such label declaration is not required.)
Others claimed to see no cost-saving possibilities in using dextrose or
did not went to be required to handle two sweeteners.

Some cenners mentioned adverse reactions which they believed resulted
from use of dextrose. Principal reasons given were that it lacked the
desired degree of sweetness, it imparted a bitter flavor to the product,
it caramelized at highecooking temperatures, end crystallized when the
finished product was refrigerated or subjected to cold weather. MNost
exponents of dextrose argued that the foregoing results are likely to be
obteined only if dextrose is used as too large a percentage of total
sweetener. They maintained further that such results are minimized
or non-existent when dextrose is used in amounts usually recommended by
food technologists and dextrose manufacturerse

The surveys disclosed that camners were in disagreement over the
effect which dextrose has on the pigments in canned fruit. Some believed
that it had a tendency to darken natural colors, particularly the red
pigments, while others felt that it did just the opposite. For instance,
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a few canners who used all dextrose in sweetening grapefruit segments
believed thet it aided in holding the whiteness of this fruit for a
longer period of shelf life than all sugar, while approximately an equal
number felt that 100 percent dextrose darkened the grapefruit,

Use of Corn Sirup in Canned Goods

Proportion of Canners Using Corn Sirup - Camners make relatively little
use of corn sirups in their productss Food and Drug Administration
standards do not permit the use of corn sirups or corm sirup solids in
processing the canned vegetables to which present regulations apply.

In canning fruit, corn sirups were reported being used as a portion of
the sweetening ingredients in relatively few cases. Others reported
their use only during the war rationing period.

Adventages and Disadvantages of Using Corn Sirup = Federal food and drug
regulations stipulate that corn sirup may be used in canned fruits only

in combination with sugar, or with sugar and dextrose, and restrict the
proportion of corn sirup to not more then 25 percent of total sweetener.
The Federal regulations also prohibit the use of corn sirup in camed
fruits when fruit juice is the only ligquid ingredients When used in
combination with sugar and in proportions not exceeding 20 to 25 percent
of total sweetener, corn sirups were reported to have adventages similar
and equal to dextrose in bringing out natural flavors through reduction

of sweetness and maintenance of the desired texture or color of the fruits.

Some canners had the same objections to corn sirup that other food
processors expressed, namely, its lack of sweetness in comparison with
sugar and its tendency to impart an off-flavor to canned products when
it is used in more than relatively small amounts. However, others who
had experimented or were currently using the high-conversion type of corn
sirups did not believe such objection to be valide In smaller operdations
for which a distribution system for circulating sirups throughout the
plant had not been provided, the in-plant handling difficulties accom=
panying the use of corn sirup delivered in drums were reported to be a
major barrier to its use.

‘ Commercial use of packs put up in 100 percent high-conversion corn
sirups is prohibited by Federal Food and Drug regulations, However, a
few plents in the fruit-producing areas of California indicated that
experimental packs canned in 100 percent high-conversion corn sirup
retained a natural fruit flavor superior to that of packs made with all
sugar, sugar combined with dextrose, or sugar combined with corn sirup.
Canners who made these experimental packs felt that this was especially
convineing in the case of fruits processing delicate and more readily
chengeable flavors, such as pears. '
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| THE PRESFRVING INDUSTRY

Purpose of Sweetener in Preserved Items -~ Preservers! items dis—
cussed in this section include jams, Jellies, preserves, marmalades,
friit spreads and fruit butters. In the manufacture of all these products
it is necessary to use sweeteners for control of flavor, texture, fermenta-
- tion and specific gravitye. The preserving process ig essentially one of
forcing sugar into the fruit and water out of ite O4/ In this process, the
inversion of some of the sugar, which is a natural result of heating the
~ sucrose in the presence of fruit acids is important for the prevention of
crystallization. Growth of bacteria and yeast is inhibited in.a medium
~where the sugar concentration is above 65%; therefore, if the sugar content
inside the fruit is raised to that point or above, the preserved product
will keep indefinitely without spoiling or fermenting.

Sweeteners are used in preserves not only to prevent fermentation
and spoilage, but also to equalize the specific gravity of the fruit and
the liquid medium surrounding the fruit, so that an even distribution
within the preserves will result, If, for example, a 68% sugar solution
which has a specific gravity of around 1.3 is processed with fruit con-
taining a natural fruit juice of a specific gravity of around l.1,

- penetration of sugar into the fruit is essential in order to equalize the

- specific gravity and prevent the fruit from clustering at the tops of the

- containers. Sucrose solutions having a solids content of around 65% are stable
at room temperature, but, when opened for consumption, surface evaporation
frequently raises the sugar concentration sufficiently above 65%, to cause
crystallization of the sugar. Some inversion of the sucrose is desirable

to prevent crystallization in the producte. Moreover, sugar sirup which

has been partly inverted has a greater osmotic pressure and tends to enter

the pores of the fruit more readilye. - '

~Use of Sweeteners in "Pure" Preserved Products - When jams, Jjellies,
preserves or fruit butters are made to comply with Federal food and drug
standards relating thereto they are referred to in the industry as "puref
products in contrast to those known as "imitation" products wherein the
quality of fruit, proportion of sweeteners used and other factors do not
necessarily conform with the Federal food standards. Pure jams, jellTes .
and preserves, as well as marmalades, fruit butters, and fruit spreads
are combined for discussion in this report under the heading of "pure
productss A brief separate discussion follows covering the role of
sweeteners in making imitation jams, jellies and preserves.

Amounts of Sweeteners Used in Pure Products = Federal food and drug
regulations specify that the amount of sweetener used in pure jams, jellies,

, 67 6L/ Meschter, E. C. Jam and Jelly Making,in Food Industries, June 1949
Pse Te - ' 7 - - -
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and preserves cannot exceed 55 part.s of sweetener to k5 parts of fruite
Approximately 94#% of the preservers, contacted, reported using the maximum
amount of sweetener permitted by the Federal regulations. A relatively
small percentage of the group reported normal use of a 50-50 sugar-frnit
‘ratio because they considered these proportions resulted in extra high
quality products most nearly resembling hamemade items. Marmalades are
not at present included under Federal food and drug regulations. The
usual combination of sweetener and fruit for marmalades was said to be

65% sweetener and 35% fruite The relationship between the price of fruit

- and price of sugar plays an important part in determining the amounts of
total sweetener used. For example, when fruit is cheap the minimum require-
ment of 45% fruit may be increased to 50 or even to 60 percent in the case
of certain fruits. On the other hand, as the price of fruit advances in
relation to the price of sugar, manufacturers will tend to cling to the
maximun amount of sweetener in relation to fruit permitted under lawe

Types of Sweeteners Used in Pure Products - Competition between
sweeteners in producing pure jams, jellies, and preserves camsists
essentially of choosing the optional sweetening ingredient, or combination
of them permitted under Federal or State law, which will replace water
in the fruits being preserved at the least cost commensurate with the
desired quality and type of market for which the product is destined.
State requirements usually follow Federal food requirements fairly closely
with respect to type of sweetener permitted. The latter permit use of
sugar, and either dextrose or corn sirup in combination with sugar, or
cominations of sugar, dextrose and corn sirupe There is no limitation
on the percentage of dextrose which may be used, except that it be used
"in combination with sugar.® However, use of corn sirup is limited to
not more than half of total sweetener. Label identifications of all
- sweeteners are required when corn sirup is used. Corn sxa;p solids are
not permitted in pure fruit preserves, Jams and jellles.

Use of Sugar as the Sole Sweetener in Pure Preserved Items - Insofar
as preferences in the use of sweetener are concerned, preservers are divided
into two groups: In one group are those who believe that quality preserved
items can best be made with 1004 sugar; in the other are those who believe
just as firmly that the addition of dextrose or corn sirup up to a quarter
or a third of total sweetener requirement produces a product equal to that
made with all sugare Nearly 70% of all preservers interviewed throughout
the country in connection with this study belonged to the former groupe
The reasons given in favor of the ex¢lusive use of sugar were based on
the belief that this makes high quality preserves. According to this
group, preserves of a better texture, with flavors and colors that are
more natural,can be produced when 100% sugar is useds

65/ See above, pp87 to 9 for full discussion of the impact of
Federal and State regulations on use of sweeteners in preserved productse
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They also stated that less trouble is encountered with crystallization
or stickiness. Several firms stated that their use of sugar as the
exclusive sweetener was based on long established customs. Such practice
was also attributed to lack of facilities for experimentation with other
sweeteners, 4 considerable number, particularly the larger plants, also
indicated a preference for the use of sugar only believing that the possi-
bility of errors in handling materials in the plant would thus be reduced.
- Furthermore, the all-sugar group pointed out that storage and handling
costs would be increased if more than one sweetener was used in their
formulas, - : E '

- Preservers ordinarily use highly refined sugar. However, a few reported
the use of direct-consumption raw types in the darker colored products,
 The Food and Drug Administration has not specifically ruled against the use

of these types, so long as they reasonably approach the standard of quality
of refined sugare In areas where it was available, beet sugar was quite
popular among preserverss Approximately one-~third of the preservers inter-
~ viewed in the West and North Central regions were using no cane sugar.

The chief reason given for the use of beet sugar was the price differential,
The greater availability of cane sugar in the specialty grades is not
important apparently in influencing a preserver's choice of sugar, because
he needs relatively few grades. (See chapter on confectionery).

Liquid sugar is not very popular among preservers as only 8% of the
firms interviewed reported using ite The lack of popularity of this
product is due to its water content, since there is difficulty in evaporat=
ing excess water without over-cooking or discoloring the fruits. No firms
‘using open kettle types of cookers had found liquid sugar suitable. The
few manufacturers who used liquid sugar stated they liked it chiefly be=
cause of the convenience it offered as a medium for supplying the desired
degree of inversion. Generally, liquid sugar was utilized only in connection
with jams or jellies, where the further maceration of fruits, resulting
from extension of cooking time or higher temperatures, was not a problem
or where vacuum pan cookers were in use. :

Invert sugar also was not popular with preservers who stated that on
a dry basis invert sugar was more expensive than either sucrose or the
corn sweeteners. They felt that the desired amount of inversion was usual 1y
obtained effectively during the cooking process at relatively 1little
expense by adding an inverting agent, :

Combination of Sugar and Corn Sweeteners in Making Preserves = Almost
one-third of the preservers surveyed throughout the country reported
- favoring the use of corn sweeteners in combination with sugare Ihis group
-maintained that from a quarter to a third of the total sweetener could
consist of one of the corn sweeteners, not only without altering the quality
of jams, jellies, preserves, marmalades and fruit butters, but in some
instances to improve flavor, color, and palatabilitye. o

, Combination of Sugar and Dextrose - In 1948, dextrose was used either
in combination with sugar alone or with both sugar and carn sirup by
near;y one fourth of all preservers interviewed. An additional one third
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reported the use of dextrose durlng the war, but these reverted to 100
percent sugar by the time of this survey.

Manufacturers using dextrose in preservers' items never reported
utilizing it for more than a third of total sweetener, except during the
war rationing period when the amount used occasionally ranged up to one
half, The principal problem to be reckoned with in using dextrose is its
tendency to crystallize out whenever preservers! products are subjected to
cold climates or to refrigeration after the containers have been openeds
(As explained above, dextrose is more soluble than sugar at high temperatures,
but less soluble at low temperatures.) Opinions concerning the point below
which this danger is negligible varied somewhat among the firms surveyed,
but generally ranged in the vicinity of 20 to 25 percent of total sweetener.
About half of the preservers who used dextrose in combination with sugar '
preferred to limit it to 20% of total sweetener, while another quarter of
them preferred to use as much as 25%« A few firms reported that they con-
sidered 33% a safe proportion. Preservers who had used dextrose during
the war in amounts equal to one-half the total sweetener reported that
this made their preserves sticky and lacking in flavore. When dextrose had
been used in amounts approaching 100% of total sweetener, the end product
was reported to have become mactically a crystalline mass,

The predominating argument for using dextrose in making jams, jellies
and preserves was based on its ability to reduce sweetness while maintein=-
ing the desired percentage of solids and body of the producte From a
quarter to a third of all preservers who used dextrose reported that it was
desired principally in order to lessen the tendency of preserved products
to be excessively sweet, thereby permitting natural fruit flavors to be
more easily identified and enjoyed.

" The second most frequently advanced reason given for using dextrose
was the price differential under sugar. Since the cost of sweetener is
a major factor in the manufacture of such processed food, as jams, jellies,
and preserves, many of the preservers believe they have found that the use
of corn sweeteners in moderate amounts permitted a lowering of their pro-
duction costs without any noticeable effect on quality. The differential
in price between sugar and corn sweeteners frequently determined whether
all sugar would be used, or sugar in combination with one or more of the
corn sweeteners, The price differential was considered important also,
and in determining whether the cut—out point for corn sweeteners would be
at 204 to 25% or as high as 33% of the total sweetenery The fact that
dextrose need not be named on the label was another reason frequently
mentioned in support of its popularity.

Those who had done laboratory research with combinations of sugar
and dextrose usually felt that a combination of the two sweeteners entered
the pores of the fruit more readily and gave the product a better color
and texture. Dextrose, rather than corn sirup, was found to be more
commonly used with sugar because (a) being in granular form, it was easier
to use with sugars (b) it does not add excessive moisture to the batch to
be subsequently evaporated; (c) in small lots it is much easier to handle
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and store than corn sirup; and (d) it is not associated in the minds of
the consumer with imitation jams and jellies as are the corn sirupse
Preservers who did not favor the use of dextrose objected to it because

of a feeling that its use in amounts sufficient to warrant the extrs
trouble and expense of handling two different sweeteners lowered the
quality of the producte In addition to crystallization at low temperatures
- when excessive dextrose was used, objections mentioned by preservers
included complaints relating to off-flavors and the tendency for the
texture of the products to became too stickye ,

: Combination of Sugar and Corn Sirup - The use of corn sirup, in

- comination with sugar or in combination with a mixture of sugar and
dextrose, was reported by only a very small number (8.4%) of the pre-
serving firms interviewed, Three-fourths of the firms using a combina=-
tion of sugar and corn sirups reported using the latter as 20% of the
total sweetener., Most of the preservers using corn sirup in these amounts
reported that the quality of products resulting therefrom was, in their
estimation, equal to products made with sugar and dextrose in combination,
or with sugar as the sole sweetening agent. During the period of scarce

~ sugar supplies, a much larger proportion of the preservers used corn sirup,
-and the proportion of total sweetener represented by corn sirup often

was higher than that which the trade usually consicders desirable,
Occasionally corn sirup constituted the sole sweetener used. This was
particularly true of the small wartime operator who entered the preserv-
ing field during this period, Firms which found it necessary to use '
larger amounts (33 to 50% or more) of corn sirup as a replacenent for
sugar reported that their products lacked sweetness, that their natural
flavors were masked by the heavy dextrine contents of the corn sirups
~and that the body and texture of products were often ‘gummy or sticky

in comparison with those manufactured with higher sugar ratios under
peacetime conditions, : ' ' :

Corn sirup was being used for several purposes, two of the more
important of which being to cut production costs and reduce sweetness,
~Corn sirup was said to have an additional advantage which is not possess-
ed by dextrose; namely, no problems of crystallization are encountered
when corn sirup is usede Several research institutions and a few pre-
serving firms have experimented successfully with a combination of sugar,
~dextrose and corn sirup. Such a combination was reported to be economical
- and to give the desired physical characteristics imparted by corn -
‘sweeteners without adversely affecting quality. These firms also indicat-
ed that the dual use of the two corn sweeteners with sugar achieved
- longer preservation of fruit colors (particularly the red pigments),
prolanged shelf life of products, and added a glass or sheen to the. fruit
which appeals to the buying publiec. Reasons given for not using corn
sirup included the belief that the extra cooking time required to
~ evaporate excess moisture supplied by corn sirup resulted in a degree
of caramelization which spoiled the natural flavor of the producte Lack
of sweetness in the product was another objectionable feature frequently
reported, though’ some firms believed the cut-down in sweetness resulting
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from the use of corn sirups or other corn sweeteners actually brought
out the natural fruit flavors more prominently than when only sugar was
usede An occasional preserver indicated that fermentation was not as
effectively controlled when corn sirups were used with the sugar,
attributing this to the belief that the dextrines in corn sirup are
slower to penetrate the fruit membraneses The requirement that the
presence of corn sirup in preserver's products 22 declared on the label
was reported to be amother barrier to its use, _../

High conversion corn sirups were used by only a small segment of
the preservers intervieweds The principal argument advanced in
favor of these sirups, in comparison with regular conversion corn sirup,
" is additional sweetness, which permits replacing 5 to 10% more of total
sweetener cantent than is possible when using regular conversion sirupe
Most preservers indicated that they did not consider the high conversion
corn sirups sufficiently superior to regular conversion sirups to be worth
the additional price. Some of them objected to the lower dextrine con=-
tent of the high conversion sirup which made it too thin for providing the
desired consistency. .

Regional Differences in Sweetener Use in Pure Preserved Products -
The pattern of sweetener usage in pure preserved items varies considerably
in different sections of the United States, The concept of meking a
high qulaity jam, jelly, preserve, fruit butter or marmalade with sugar
alone as the sweetening agent is somewhat more entrenched in the Middle
Adtlantic States, particularly in the New York-Newark area, than elsewhere,
However, three out of four preservers contacted in the North Central States
and in the West reported using all sugare Usage of corn sweeteners in
these products was more widespread in the South and in New England than
elsewhere. In these areas from 4O to L5 percent of the preservers report-
ed using a combination of sugar and corn sweeteners. Preservers in the
South using corn sweeteners usually combined dextrose with sugar, while
in New England the most popular combination was sugar and corn sirupe
(See table 23).

The relative popubrity of corn sirup with preservers in New England
cannot be explained by more favorable price relationships in that area
because corn sirup is priced in such a manner as to make it cheaper
relative to sugar in the North Central area and not in New England., And
- since the differential between sugar and dextrose is fairly uniform
throughout the United States, the greater usage of dextrose in the South
cannot be due to price relationships between sweeteners which are more

66/ Preservers who favor use of corn sweeteners in preserved items
currently are attempting to get Federal food and drug standards revised
to permit use of corn sirup up to 25% of the total sweetener without
label declaratione

954135 0—51——11



‘Table 234 - Use of va.rious sweeteners in "Jgure“ preserves, James . and _Lllies, bz area, 191483

percentage of total plant.s interviewed usm& each sweetener

Type of Sweetener

North Central

South West

Used New England Middle Atlantic United States
Refined Granulated | | | |
Liquid Sugar 154 13,3 6.2 5.0 0.0 803
Total Using Same ‘ ‘o ‘

Form of Sugar 100,0 10040 100,0 100,0  100.0 : lO0.0

' Total Using Only |

Sugar as the ‘

sweetening agent 61.5 8040 7540 55.0 7540 68,0
Dextrose with sugar 747 20,0 18,8 40.0 25,0 2346
Corn sirup with sugar 2341 0.0 6.2 540 040 7.0
Dextrose and Corn sirup

with sugar TeT 0.0 0.0 0,0 0.0 loh
Total using corn

sweeteners with sugar 3845 20,0 25.0 45.0 25,0 32,0

1/ Liquid used with dry granulated.

- 28T -
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favorable to dextrose in that region than in others. 61/

Regional differences in the extent to which corn sweeteners are
used in the preserving industry appear tobe associated more with
variations in intensity of competition than to any other specific factore
The greater concentration in New England and the South of firms using
corn sweetener is related in part to the smaller volume of business done
by the average preserver in this area, where their products must compete
price-wise in local markets with nationally known brands manufactured in
such areas as New York, Philadelphia or San Francisco by large commercial
preservers, whose volume business will better support the cost of using

100% sugare
Amounts of Sweeteners Used in Imitation Products

Total Sweetener Content = As shown in Table 2lj, the producers of
bakerTs fillings, @ spreads, and imitation jams, jellies, and preserves
used from 28 to 70 percent total sweetener in these products. In the
imitation jams, jellies, and preserves category, the most common sweetener
content was found to be about 55 percent sweetener to 45 percent fruit
or other ingredients. This is equal to the ratio used in pure products,
A smaller number of firms used 60 and 65 percent sweetener in their =
4mitation products. In fillings and spreads, the total sweetener content
varied too widely by types of product and by manufacturer to allow any
specific conclusions to be drawn. ) )

orn Sweetener Ratios - Among the imitation products manu-
facturers interviewed, regular corn sirup was being used by 100 percent
of the companies in this group. This sweetener was utilized in ranges
running from 5 to 100% of the total sweetener content, and its average
‘use was generally from 60 to 70f. Dextrose and high conversion corn
sirups were used very rarely in these productse

Reasons for Use of Corn Sweeteners — A sharp contrast is shown in
the use of sweeteners in pure and imitation products. Of those companies
reporting the manufacture of both categories, virtually all used either
100% sugar or 80% sugar and 20% dextrose in their pure products, with
none indicating the use of corn sirups. Approximately 95% of the firms
surveyed reported that one of the primary factors influencing them to
use corn Sirup in their imitation products was their desire to lower
costs. One-half of the companies stated that they felt that corn sirup

61/ See above pp, 62-78 section on price relationships.

68/ Some preservers interviewed manufactured pure preserves, jaﬁs,
and jellles for sale to bakers; these products are not considered in
this section.
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Tabia 2L -fTotal,Sweeteher Gontent'iﬁiImitation Products

Percent of Sweetener Used

:rimitatiOn“Product 7 - ‘  Hig§'7f, Low 'Aweragg
~ Preserves, jams, - - ,
- and jellies , 65 55 56

Fillings Y/ - 70 28

 Spreads S & 8 -

1/ Fruit and doughnut fillings
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gave better body, consistency, and texture, while more than one-third
stated a preference for corn sirup because it reduced sweetness.

Another reason mentioned frequently was the non-crystallizing character-
istic of corn sirup, as compared principally with dextroses The use of
corn sirup to give gloss to the product was also considered important.
Nearly 20% of the firms making both pure and imitation products stated
that they would use regular corn sirup in their pure products if permitted
to use it without declaration on the label.
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FROZEN FRUITS
- Growth of the Frozen Food Industry

‘#hile the frozen foods industry is one of the youngest in the field
of food processing, many of its products have achieved immense popularity
with both zommercial users and household consumers. Freezing has been
found to be by far the best way of preserving the freshness, natural 6
flzvors, natural textures, and nutritional values in many food products, -2/
Tn 1942, the frozen fruit pack was only about five percent as large as the
canned fruit pack, but in 1948 was 1l percent as large as the canned fruit
packe The increase in frozen vegetables was from three percent to approxi-
mately 13 percents 70/ The more important frozen fruit and frozen vegetable
items are produced in much more significant volume when compared with their
canned counterparts, For instance, frozen berries averaged almost 21 times
the canned pack for the period 1945-48. Frozen strawberries have exceeded
in volume their canned counterpart in recent years and are now many times
as great. Frozen raspberries are another fruit for which the amount frozen
exceeds that which is canned, while frozen red sour pitted cherries have
reached a point where they equal around 75-85 percent of canned production.
Frozen concentrated citrus juice jumped in Florida alone from 560,000 gallons
in 1946~47 to 10,000,000 gallons in 1948-49, and in 1949 wzs almost equal
to the total amount canned, ly The rapid growth of the industry has made
it an important user of sweetener. The use of sweeteners in the frozen
food field is associated chiefly with the freezing of fruits and berries;
regetables are generally frozen with no sweetener added. Therefure, this
portion of the study is confined to the use of optional sweeteners in the
freesing of fruits and berries, referred to below merely as frozen fruitse

As pointed out in U.S.D.A. Miscellaneous Publication No. 588, fruits
whi.ch are adapted to freezing are usually divided into two classes, (a)
small fruits which can be prepared whole and which consequently do not
oxidize or darken easily (i.e. strawberries, raspberries, blueberries,
dewberries, loganberries, youngberries and boysenberries); and (b) fruits
which require pitting or peeling and which are thereby subject to oxida-
tion when the cut or pitted surfaces are exposed to the air (i.es cherries,

69/ U. S. Depte Agre., PMA., Instructions on Processing for Community
Frozen-Food Locker Plantse Misce Pube No. 588, March 1946 (Rev. August
19,.[8). Pe 1. .

19/ U. S. Depts Com., Off. Dom. Come Appraisal of the Competitive
Position of Frozen Fruits and Vegetables. Industry Report: Canned Fruits
and Vegetables., July 1949. p. U5.

11/ See footnote 69.
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apricots, peaches, and apples.)

Fruit for freezing may be packed either whole, sliced, chopped,
“or crushed., While the form in which fruit is packed does not affect
directly the amount of sweetening used, it does influcence the type of
packing media, which in turn, influences the kind of sweetener used.

Dry vs. Liquid Sweetening Media

A frozen food packer may use either a dry or a liquid sweetening
mediume. A dry pack is made with all sugar or a combination of sugar and
dextrose while liquid packs are made with all sugar or a combination of
- sugar and corn sirupe The choice between a liquid and a dry pack depends
primarily on the amount of "bleeding®" which occurs from preparing the
fruit for processing. A dry packing medium is preferred for fruits, the
juices of which bleed excessively, such as sliced strawberries. When a
liquid medium is used with fruits of this type, the bleeding of the juices
into the processing sirup is apt to make the packing medium too watery or
thine, In proposed food standards for frozen fruits, the use of light or
medium density sirups would be prohibited in fruits which bleed excessivelye.

In the freezing of fruits it is necessary for the sweetening material,
whether dry or liquid in type, to mix thoroughly with and to coat the sur-
face of the fruits before freezing begins, if it is to constitute a pro-
 tection against oxidation, shrinkage, and fermentation. When a dry sweeten-
er is used, the fruit is subjected to some shrinkage during the early stages
of freezing. The dry sugar or dextrose draws out the natural juices in
the fruit cells faster than the fruit absorbs the sirup created by mixture
of the juices and the dry packing mediume Recovery in weight lost as a
result of this shrinkage is a slow process, and frequently the original
weight of the unprocessed fruit is never quite reacheds Also, many packers
reported that when dry sweeteners are used, the fruit flesh and skins fail
to recover their original tenderness entirely, and remain slightly tougher
and not as palatable as when the fruit has been processed with a liquid
sweetenera.

With a sirup pack, where the sweetening medium is already in sirup
form before being incorporated with the raw product, all the surfaces of
the fruit are immediately coated, and the sweetening medium becomes '
instantly available to the fruit cells in exchange for their own natural
- fruit juices without awaiting further dissolutione Thus, since the pores
of the fruit are sealed from the air more quickly, liguid packs are more
effective than dry sweeteners in the control of oxidatione Also, the
sirup becomes instantly available for absorption by the cells of the fruit
in exchange for the natural fruit juices and no shrinkage of fruit occurs.
In fact, use of a liquid sweetener generally causes an increase in the
drained weight of the fruite.
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‘Dr.; Joslyn and othersat the University of California report thats
"The use of sirup has the following advantages:

le Air' discoloration is reduced to a minimum,

20 The sirup is more convenient than the sugar, especially if
the latter is to be distributed uniformly throughout the mass
of fruite

3. There is less damage bo the fruit during the addition of sirup
than during the addition of sugare

e A more uniform and attractive pack is obtained as there is
little or no change in fruit volume by loss of water from
the fruit, and there is no settling of the fruit in the
container as occurs in the sugar packe

5. The sirup is a better aid to preservation during freezing
- than the sugare It can be chilled before use and acts as
a precooling agent.

-

6. The texture of the thawed fruit is better.
7,7. The simp pack is applicable to all fruitse 2_2/

Largely because of the above natural advantages of liquid packs, they
are somewhat more popular with frozen fruit processors than dry packs.

B Approximately 60% of all the frozen food processors interviewed indicated

a preference for liquid packs whenever the end-use of the product would
permit ite Liquid packs are most popular for frozen fruits intended for
ice cream, desserts packaged far direct consumption and other products in
which the additional water in the packing sirup does not constitute a
processing problems On the other hand, a liquid packing medium was reported
to be less popular than the dry sweeteners for frozen fruit intended for
pies and other baker's products, or for packs subsequently to be processed
into preserves, jams or jellies, because of the extra cooking required to
eliminate surplus water in sirup packs. This extra cooking time was report-
ed to result occasionally in discoloration of the fruit pigments or objection-
~ able breakdowns in cellular structure. Other disadvantages of the liquid
packs include the expense involved in trasporting the water contained in
sweeteners in the sirup form and the cost of evaporating this water,

Frozen food processors indicated that a big advantage of dry sweetened

72/ Joslyn, M. A. and Hohl, Leonora A. The Commercial Freezing of
Fruit ducts, Cal, Agr. Exp. Sta. Bul. No. 7030 Ja.nuary 19’.[.8, De 22,
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packs is their general adaptability to any sort of commercial or house-
hold endwuse, For this reason, many smaller firms specializing in only
one type of pack generally preferred to use dry sweeteners. Furthermore,
the greater the tendency for natural fruit juices to bleed into the pack-
ing media as a result of the slicing, chopping or crushing of the fruit,
the greater the preference for dry sweetening media to absorb the extra
liquid and prevent the pack from being too watery or thin when thawede

Fruit to Sweetener Ratios in Frozen Fruits

. The ratio of fruit to sweetener used in processing frozen fruit
varies considerably, depending largely ipon the acidity of the fruit, the
commercial or household end-use to wric. the product will be put, and the
~individual preferences of the packer anu customer regarding the desired
degree of sweetness. Strong acid fruits usually require more sweetener
than those which are low in acldity. Smaller amounts of sweeteners are
used in freezing bland flavored fruits, such as pears or apricots, where
excessive sweeteners could easily mask the more delicate natural flavorse
When the fruits are frozen for use in food products to which the user will
add additional sweetening, such as sliced frozen apples or peaches packed
for use in bakers' pies, the sugar ratios used are likely to be compara-
tively lowe. This is in order to allow these users more leeway in flavor-
ing their products to teste. Ratios of 5 to 7 parts of fruit to one part
of sweetener are most cammon for this type of producte On the other hand,
fruit intended for use in ice cream, commercial preserved items, desserts
packed for use in household consumption, or other products, destined for
direct use in the home, usually are packed at a ratio of three or four
parts of fruit to one part of sweetener. The proposed Federal food stand-
ards for frozen fruits are not specific with regard to the ratios of fruit
to sweetener in dry-packse _7_3/ In the case of liquid packs, however, they
specify the maximum amounts of sirup which can be used in relation to the
combined weights of fruit ingredient and packing medium. These range

from around 25 to 33% sirup in relation to the total weight of the packe
In terms of fruit-to-sweetener ratios, such a limitation on the permiss-
ible weight of the sirup would mean fram two to three parts fruit to one
part of sweetener. However, in actual commercial practice, members of
this industry tend to use considerably less sweetener in relation to fruit
than the proposed standards would permit them to use. The standards would,
of course, represent legal limits rather than norms used in high-quality
merchandise.

A canner or preserver was found to be fairly consistent with respect
to the kinds and proportions of sweeteners used in a given line of goodse
Since the major portion of a canner's or preserver's volume of production
is produced for sale to household consumersunder established brand names,

.1t is necessary that he maintain a relatively high degree of uniformity
in his product. On the other hand, the greater part of a frozen fruit
processor's volume goes into camercial channels for preparation of many

73/ See above, che3 p. 8  for detailed discussion of
proposed Food and Drug standards for frozen fruits.
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types of food productse Most packers are constantly accepting individual
orders from food processors making a wide variety of products, such as
bakers! pies, ice cream, or preservers! productse. Each of these orders
constitutes an expression of a customer's request for a certain fruit to
sweetener ratio, his preference for a dry or liquid pack, and his preference
for a specific kind or combination of sweeteners. Consequently, an indi-
vidual frozen fruit processor uses a considerable number of these ratios,
in both dry and 1liquid packs, and, in the case of liquid packs, a number
 of sirups covering a wide range in density. Variations in the fruit to
sweetener ratio reported by frozen fruit processors surveyed in connection
with this study are arranged by types of fruits in Tables 25 and 26 below.

Choice of Sweetening Agents

All Sugar - In processing frozen fruits, sugar is by far the most
popular of all sweetening ingredients. Every packer interviewed reported
using it in some form, and nine out of 10 of them stated that they used
it as their sole sweetening ingredient. There seemed to be little, if
any, difference in the acceptability of cane and beet sugar by frozen fruit
‘packers. Approximately 13% expressed a preference for liquid sugar. The

principal reasons given for preferring liquid sugar were ease of handling,
saving of storage space and reduction in labor costs. If these advantages,
plus the discount at which liquid sugar sells, appeared sufficient to out—
weigh the disadvantages of paying freight charges for water on rail ship-
ments and the installation expense of liquid handling facilities, a packer
wgs favorable toward liquid sugar. This product appeared attractive only
o0 those using largely or entirely a liquid packing mediume & medium-
invert type of liquid sugar generally was used. Use of a partially inverted
type of liquid sugar or inversion of a part of the sugar during the cooking
process was said to be especially useful in tenderizing the skins of such
fruits as cherries and peaches and for reducing bacterial action in the
packs. Research conducted at the University of California indicated that
of f-flavors were developed in some fruits, especially when the degree of
inversion was above 50 percent. T/

Frozen fruit packers interviewed who used sugar as the sole sweeten-
ing agent reported that they were primarily concerned with sweetness rather
than with other chemical or physical properties which sweeteners contribute
to the finished producte Because of sugar's greater sweetness in compari-
gon with dextrose and corn sirup, packers considered sugar to be less
expensive per unit of sweetness than corn sweetenerse A second reason
given by packers for the predominant preference for all sugar is that

ly Josm, M. A, and HOhl, Leonora A., 92. cite Pe 2).3..



Table 25 = Fruit to sweetener ratios and sirup densit.iea in frozen fruitss
Reported by 31 Processors of frozen fruits, by type of fruit.
and type of pack, 1948,

Range of Ra.tios and Densities

| Dy fﬁalc'? T1quid Peck 1/ ﬁry_ ?ackﬁigh | | Tiquid Pack 1/
Type of  Part  Part Siruwp in part part  Sirup in
Frozen Fruit _Fruit to Sweetener __Degrees Brix  Fruit to Sweetener Degrees Brix
© Sliced apples 7 1 28 | 3 1 60
| Sti-awberries 5 1 Lo 2 % 65
Chefries, RSP 5 1 Lo 2 1 65
Peaches 7 1 30 | | z 65 \
Plums and Prunes 5 | 1 Lo 1 70 §
Pears s 1 30 2 1 70 '
Apricots 5 1 20 3 1 70
Blackberries N 1 2 1 8
: Raspberriee 5 ‘1‘ 2 1 &
Blueberries 6 “1 3 1 &5
Boyeenbermes 5 | 1 2 71 o

1/ Packs put up with a 1iquid sweetener cuatoxnarily utilize the same pr@portion between fruit
and sweetener as is indicated for a dry pack of the same fruit., The percent of t.otal solids in the
packing sirups and shown hereunder is determined by the Brix hydrometer,

Sourcex Surveys, RMA PrO,jea, fnge=137



Table 26, = Fruit to sweetener Ratios and sirup densities most preferred by principal
end-users: Reported by 31 processors of frozen fruits, by type of fruit
~ and type of pack, 1948

Ba.kefs ‘ Ice~cream Mfrs, Preservers Retail Domestic Packs

Type of Dry Liquid Dry [Llquid “Dry Liquid Dry Liquid
Frozen Fruit Pack  Pack 1/ Pack Pack 1/ Pack Pack 1/  Pac Pack 1/
‘ ‘ 7=1 ‘ ‘ 3-1
Sliced apples O=1 25 L=1 L0-50
‘ 3-1 3=1 3=1
Strawberries =1 50 h=1 50 L=1 50
‘ : -1
Cherries, RSP =31 50 5=1 50 51 50
‘ L-1 3=l 3=1
Peaches 7=1 30 5=1 LS h=1 45 L= L5
‘ ‘ 3=1
Plums and Prunes h=1 55 h=1 55
3=i :
Fears Li=1 L5 L= L5 o
o ‘ 3=t 3=1 &
Apricots =1 L5 L=1 45 6
=1 3=1
_ Blackberries 3=1 67 h=1 50
’ 3= 31
 Raspberries ‘ 6-1 Lo ! 50 h=1 50
6~1 '
Blueberries Se=1 4O : L=3 50

y Sirup in Degrees Briz, Packs put up with a liquid sweetener customarily utilize the same
proportion between fruit and sweetener as is indicated for & dry pack of the same fruit. The percent
of total solids in the packing sirups and shown hereunder is determined by the Brix hydrometer,

Source: Surveys, RMA, Project RM:c-137
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Table 27. = Sweeteners or combinations of sweeteners used
by processors of frozen fruits, 1948

~ Sweeteners or Combinations Processors Reporting Use
of Sweeteners Number Percent
100 percent sugar . 28 90
Sugar and dextrose , 2 7
Sugar and corn sirup 1/ 1 o 3
Total Processors 31 100

.

1/ High conversion corn sirup



orystallization problems are not so pronounced as when a combination of
sugar and dextrose is used. Since sugar is the only sweetening ingredient
which can be used by itself to satisfy all of the functions of a sweetener
in frozen foods, many processors indicated that they preferred to use it
exclusively rather than complicate their storage and labor problems or
increase the chance of error in the plant through the use of more than one
sweetening agent.

As with many other food processors, psychological factors appeared to
have a noticeable effect upon a frozen fruit packer's choice of sweetener.
Historically, sugar as the sole sweetener has been associated with quality
merchandise in the minds of many producers and commercial users of frozen
fruits. Many packers themselves appear to be shifting away from this view
and seem willing to accept the results of technological research. On the
other hand, many commercial users of frozen fruits are reluctent to accept
this view, and insist that products supplied them be sweetened with 100
percent sugar.

Combinations of Sugar and a Corn Sweetener - Only 10 percent of all
processors surveyed reported commercial use of corn sweeteners. {See
table 27.) However, a significant number indicated that they either were
experimenting with them or were expecting to begin use of them in the near
future. Much experimental work is under way in food technological labora-
tories throughout the country with respect to the use of corn sweeteners in
frozen fruit packs. In fact, the extent to which qualified research has
gone in analyzing the results which can be achieved by the use of corn
sweeteners in frozen fruits is far advanced in comparison with the actual
practice of commercial packers. When sugar supplies were limited, about
a third of the packers who normally use only sugar reported occasional
- use of small amounts of dextrose or corn sirup in order to stretch their
sugar rations. The other two-thirds reported that they preferred to
curtail production when necessary rather than use any sweetener other than

sugare

Dextrose and high-conversion corn sirups were the only two cora

sweeteners reported in current use by processors of frozen fruits.
Opinion as to the merits of either would indicate that they were about equal
in popularity. Dextrose was preferred chiefly when processors used dry
packs, and the high-conversion sirups were preferred when they used liquid
packs. The amounts of either of these did not in any case exceed 33 percent
of the total sweetener. Whereas there are at present no Federal food and
~drug standards with respect to the use of sweeteners in frozen foods,
pending or proposed standards for these products appear to have an effect
upon the sweetener usage poliicy of many companies. Many frozen food
processors reported an interim policy regarding sweetener usage which is
- in line with the proposed regulations, in order to avoid any subsequent

changes in manufacture which might affect the market acceptability of

~ their products. In general, the proposed standards would permit the
use of all the corn sweeteners but would limit their use to no more

than one-third of total sweetener. (See above pp. 84-%#5 for fuller
discussion of the proposed standards for frozen foods.)

A
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Sugar and Dextrose - Seven percent of all frozen fruit processors
surveyﬁ were currently using dextrose, principally because they believed -
“that they were effecting a saving in production costs without altering
the qualities of flavor and texture in their packs., As a general rule,
these packers were using dextrose to the extent of 20 to 25% of total
- sweetener, Most cf them were convinced that there was no discernible
difference in the appearance of fruit frozen with sugar and dextrose and
that frozen with sugar alcne. They also stated that flavor was actually
- improved because of a reduction in total sweetness, which tended to
accentuate natural fruit flavors,

The principal disadvantage of using dextrose in the frozen fruit
industry was reported to be its tendency to crystallize. A majority of
the packers reported that whenever dextrose was used in excess of 25 to
33% of total sweetener crystallization became a serious problem, Al-
though much research in this field indicates that the danger of crystal-
lization is minimized when a ratio of 20% dextrose and BO% sucrose is used,
some processors reported difficulties in preventing dextrose from crystal-
lizing even when used in this moderate ratio., Some packers indicated they
were reluctant to use dextrose because some of their customers have ex-
pressed a dislike for it. Such dislike was reported to be due to the
belief that the darkening of fruit pigments and presence of off—-ﬂavers in
products might be associated with the use of dextrose.

Sugar and Corn sirup - Only a very small proportion (3,2%) of the
frozen frult packers interviewed reported current use of corn sirup.
Those processors using corn sirup reported they liked the sheen or gloss
which this sweetener imparted to fruits when thawed, thereby increasing
their appeal to customers. Furthermore, if a firm had installed a system
for using liquid sugar, the companionate use of corn sirup was found to
be physically more advantageous than the use of dextrose. Aside from its
lower sweetening properties, the primary disadvantages were reported to
be in-plant handling difficulties and the dextrin-like flavor which it
jmparts? to frozen fruits even when used in low percentages,

, Corn sirup solids were not found to be in use at the time of the

- #urvey, nor was it reported that this product was used by any packer dur-
~ing the war rationing period, Manufacturers indicated that corn sirup

- 30lids gave results similar or identical to thase obtained with regular

corn sirup, The higher price of this product, together with the diffi-

culties which occur in handling the material whenever parts of bags are

left unused, are additional barriers to general use of the solids by fruit

packers. '

Inasmuch as the use of dextrose in frozen fruits is limited to .
around 20 to 33% of total sweetener, many processors and focd technolo-
gists have turned to experiments with the corn sirups, in order to deter-
mine whether fruit packs of satisfactory quality can be made by use of
higher percentages of these corn sweeteners in combination with sugar,
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~ The results of a recent series of experiments by technologists of the ,
Food Technology Department at the Oregon Agricultural Experiment Station,

- were generally quite favorable to the use of corn sirup in frozen foods,

- In a recent article on food freezing, the authors draw the following
conclusionss Use of a lj0~50 degree Balling Sirup on frozen fruit, to
replace 40~50 percent of the sucrose solids with corn sirup (which in these

experiments were sirups containing 90-95% regular conversion corn sirup

‘and 5-10% refiners sirup) resulted in a significantly higher drained fruit

- weight and a frozen fruit superior in flavor, texture and colore In addi-

- tion, these experiments indicated that there was less oxidation of the fruit
- when it was packed with a blend of sugar and corn sirup than when it was
- packed with either straight sugar or straight corn sirup. '

: Experiments of the same character conducted at the University of
California tend to agree in part, though not entirely, with the work done

- at Oregon State College. Dr. Joslyn, of the California Agricultural
Experiment Station, reports thats o

"Commercial glucose sirups (low conversion corn sirups) were
found to be superior to dextrose sirups in color retention, but
fruit packed in these sirups had a slightly objectionable flavore
~ The high conversion corn sirups also were satisfactory in color=
~ retention ability. Several fruits retained more of their natural
color in these sirups than in sucrose sirups of the same strength,
but developed a noticeable foreign flavore. Mixtures of high
conversion corn sirups with cane in the proportion of 1 part corn
sirup solids to 3 of sucrose, however, were equal to cane sugar
solutione.® (Ibido) S )

- It can be seen that while these two technologists are in agreement
that sirups made by blending sugar and corn sirup are as acceptable as
~all-sugar sirups in packing frozen fruits, they disagree as to the type
~ of corn sirup and the percentages of the two ingredients which produce
the best producte California research tephnicians prefer to blend 25%
high conversion sirups with 75% sugar, while those in Oregon believe
that blends of regular conversion sirups and sugar, wiith almost double

- this proportion of corn sirup, were equal to, or superior in flavor to
~all-sugar packse In comparing these differences of opinion on the research
level with those obtained from food processors on the operating level, it
is interesting to mote that only the high conversion type of corn sirup

E/ ZSa'ther:, Lois aneriégand, E. He Food Freezing: The Application
of Corn Sirup in the Freezing Preservation of Fruit, in Quick Frozen Foodse
May 1948, ppe 81-83. - - , o
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was reported being used by frozen fruit packers utilizing a corn sirup
in forming a liquid packing medium, and that the proportions reported
were never in excess of 35% total sweetenere. The preference for high
conversion sirups in these products was reported to be due to their
ability to prevent crystallization in frozen fruits and at the same time

supply a greater amount of sweeiness than wou.ld be the case when using the
regular conversion sirupe
954135 0—b51——12
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ICE CREAM, SHERBETS AND ICES

The Part Wl;_:i_._gh Sweeteners Play in the Manufacture
of Ice Cream, Sherbets and Ices

Ice Cream = Ice cream is a frozen or semi-frozen product customarily
menufactured from a combination of two or more of the following ingredients:
Cream, milk, or other suitable milk products; eggs; sugar, dextrose, corn
sirup, glucose sirup, or invert sugar; water; flavoring material; coloring
material; end a stabilizer, As used herein, the term ice cream excludes
novelty ice oreams, custards, snd other products whose ingredients may
vary considerably from the ingredients of regular types of ice cream.
Flavor, coloring and stabilizer form a relatively minor portion of an ice
cream mix by weight and eggs are seldom used in regular vanilla, fruit

or chocolate ice cream. Hence, total solids in the average ice cream mix
consist almost entirely of milk fat, non=-fat milk solids (serum solids)
and sweetener. These three ingredients amount to about 38 percent of the
total weight of ice cream. Thus, sweeteners in ice oream are important
not only for their sweetening power, which contributes to the flavor and
palatability of the product, but also for their contribution to the solids
contente '

Most menufacturers believed that the sweetener content should amount
to 15 or 16 percent of the mixes Total sweetener ocontent varies much more
by grade than by flavor of ice creams Approximately three=fourths of the
manufacturers interviewed reported that the total sweetener content was
the same for corresponding grades of vanilla, fruit and chocolate ice
creamse In the case of vanilla ice cream, 83 percent reported that 15 or
16 percent sweetener was used for all grades or that this was the lowest
percentage of sweetener used in that type of ice oream. Other producers
were using 16 percent or more, when added sweetness was desired in a
different grade or kind of ice creams For example, in fruit mixes 77.6
percent, end in chocolate, 63.4 pervent of the menufacturers reported the
use of 15 or 16 percent of total swostener, but percentages greater than
18 percent were also being used in these kinds of ice cream.

A good ice cream is developec by an iwdisridual menufacturer from =
formula in which the proper balancing of the¢ amounts of each of the
ingredients has been attained,

"There are four standards by which a perfect ice cream is measured,
vize, its flavour, texture, richness and appearance. The most
important is flavour, by which is meant not the taste imparted

to it by the addition of vanille or some other flavouring agent,
but the actual flawvour given to it by the dairy products and sugar
which form its main components,™ 76/

76/ Feltham, Leonard Re Me The Making of Ice Cream. lLondon.
Heywood and Cos., Ltde 1934. pe 101,



- 169 =

A study of the date reported by ice cream menufacturers interviewed
reveals that the average total milk solids used by all menufacturers is
about the same for vanilla, fruit and chocolate ice creams (Table 28),
Butterfat averages vary somewhat with the flavor, while non-fat milk
solids are essentially the same for each flavor.

'~ Table 28 = Butterfat, non-fat milk solids and sweetener content in
ice creams: Average of percentages reported by 123
manufacturers = United States, 1948

: Total milk
Type of Non-fat Total solids and
ice cream Butterfat milk solids sweetener sweetener

{percent) (percent) (percent) (percent)
Vanilla 12,8 10,8 15.3 3849
Chocolate 120 9 10. 8 16.0 387

The averages shown in Table 28 reflect the inclusion of butterfat
and sweetener contents in other then standard grades of ice cream, i.e.,
grades which volumewise are of lesser importance then the stendard gredes.
The great majority of formulas reported are concentrated around the com-
bination of 12 percent butterfat with 16 or 16 percent sweetener. A
oontent of 10 to 11 percent non-fat milk solids was reported with salmost
-all of these combinaetions. Thus, the average stendard ice cream produced
in the United States probably contains about 12 percent butterfat, 10 %o
11 percent non-fat milk solids and 15 to 16 percent swestener.

A large number of manufacturers keep sweetenor content constent when
butterfat percentages are varied for different grades of ice cream. In
most of these cases, non-~fat milk solids are decresased when butterfat is
increased, in order to retain the seame perceontage of total solids in the
mix, Other producers vary sugar percentages dirsctly with any change in
butterfet content; that is, if butterfat is increased or decreassd, sugar
is elso increased or decreasede Ganerally, in this case, non-fat milk
solids very inversely with the ccubined butterfat and sweetener acontent
in order to keep total solids sbout constant. In a few planta only.
sweetener content is increased when butterfat ocontent ls deoreased.
Whereas in meny plsnts sweetener content is kept constent with & change
of tutterfat content in the seme type of ice cream, a substential number
of thess plants use higher percentages of both sweetener and tutterfetb
in chocolate ice cream than are used in fruit and venilla ice croeam.
Chocolate ice oream was sald t¢o require & higher percentage of sweetener
in the mix to cut the sharpness of the chocolate flavor,
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Sherbets and Ices ~ Fruit ices, or water ices, are the frozen product
which may contain water; suger, dextrose, corn sirup solids, corn sirup
and other sweeteners or combinations thereof; natural fruit, fruit
flavor or fruit juice; and artificial coloring; about 0,35 percent acid
(citris; tartaric or lactic) end; approximately Oe¢5 percent stabilizer.
Sherbets, or milk sherbets, contain the above ingredients with the
eddition of milk, milk products or plain.iee cream mix.

'As in ice eremme,~sweeteners,are importent in sherbets and ices
for their swsetening qualities. However, in sherbets and ices, sweet~
- eners also constitute practically all of the total solids content and

‘are of prime importence to the physical consisteney of' these produeteg

‘The total eweetener content of sherbets or milk sherbete renged
from 20 percent to 41 percent and averaged 28.4 percent of the weight
~ of the total mix, Use of about 30 percent total sweetener in the mix
‘was preferred by the mejority, while en additional one-fourth of the
group preferred 28 percent (See Table 29), Less than one=-tenth of the
sherbet manufacturers used over 30 percent total sweetener in these
products, o :

Table 29 = Total sweetener content of sherbets and ices: Frequency
of usage by manufacturers reporting production, 1948

Total Sweetener Menufacturers using percentages listed in:
Content ' ‘Sherbets , Ices ,
(percent of mix) HNumber , Percentage : Number “Percentage
- 20=27 20 22,7 18 18,1
- 28 23 26,1 9 10,7
29 ‘ -6 - - 6e8 6 . Tel
30 B | ,  35¢3 -39 4644
31-42 8 : 9¢1 14 1647
- Total Manufacturers SRR '
Reporting - 88 -loe n , 84 100.¢C

The total sweetener content of ices ranged from 20 percent to 42
percent and averaged 29,4 percent of the total mix by weight. Most manu-
fecturers reported the production of both sherbets snd ices and, of these
manufacturers, about one=fourth of them preferred a higher totel sweetener

~content in ices then in sherbets. Thus, slightly less then half preferred
- 80 percent while one~sixth of them preferred over 30 pereent totael sweet-
ener in this type of frogen dessert, ,
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Butterfet in sherbets ranged from none at all to five percent in
the mix. For those who used butterfat, this ingredient averaged 3.0
percent in the mix, but meny preferred 4 percent, primerily in milk
sherbets. Non-fat solids renged from ™none" to 14 percent in sherbets
of all types, and aversging 6.8 percent for sherbets eontaining the non-
fat milk solids, snd there was some concentration of usage around 8 per-
cent, perticularly in the cese of milk sherbets. ’ R

‘The Use of Sugar in Ice Cream, Sherbets and Ices

Ice Cream = Approximately 38 percent of the menufacturers interviewed
reported the use of cane or beet sugar as the only sweetening
agent in ice cream; the others were using a combination of suger with
either dextrose, corn sirup or corn sirup solidse 77/ ' :

~ Approximately 40 percent of the msnufacturers reporting 100 percent
sugar usage in ice cream indiceted that they used sugar as the sole
sweetener because they believed a higher quality product resulted. Among
the quality factors mentioned were body, texture and teste. One-tenth
 of these menufacturers reporied that their sweetener preference was based

- on the superior sweetening property of sugare Approximately 35 percent

of the all-sugar users indicated that plant operations influenced their
choice of sweetener. MNore then one-half of these manufacturers preferred
the convenience of hendling one sweetener only, vize dry sugar, or stated
that their volume of sales was too small to warrant the use of amother '
sweetener. The balance of the 356 percent were using liquid sugar end
indicated that they would prefer to use this sweetener alone for conven= -
ience of hendling and mixing. ' - ' : :

Other reasons reported as factors determining the use of 100 percent
sugar in ice oream were as follows:

as The parent organization required or recormended that éugar alone
be used. ' ' . ' S '

~ _be A prepared mix was purchased from another obmégny which used
100 percent sugere S )

) oo Ios creem formilas were historically based on the use of sugar
only and & cnange of formule was undesirable. ' o

d. Sugar cost less per unit of sweetness than corn ‘sweetenerss

8e Consumers were thought to prefer ice cream cpﬁtaining, sugar as
“the sole sweetening agente - , R,

77 Honey was used as the only sweetener in jce creen menufactured
for a particular religious group which does not use sugar in their foods:
Such ice cresm is not considered in this report. D



‘Sherbets and Icem = Only one=tenth of the plants manufacturing sherbets
end ices used 100 percent sugar in these products; the others used a
combination of sugar end one of the corn sweetensrs. Most of those
reporting 100 percent sugar usage in sherbets and isus stated that the

- convenience of handling a single sweetemer was the srimary determining
factore Menufacturers who preferred all-sugar form:!as reported that

no crystallization of the sweetener was likely at th« ooncentration used,

The Use of Corn Sweeteners in Ice Cream, Sherteks and Ices

The Number of Manufacturers Using Corn Sweeteners = Of ail manufacturers
interviewed, both large and amI%,—Er percent reported the uwse in ice
cream of a combination of sugar and one or more of the corm sweeteners.
Table 30 illustrates the preferences for each of the four types of corn
sweeteners, the majority using either dextrose, corn sirup solids, or
equal amounts of the two. Less than one-fifth of those using corn sweet-
eners preferred the high-conversion type of corn sirup, and use of regular
~corn sirup was found to be relatively negligible,

Table SO - Corn swesteners used by menufacturers reporting
' the production of ice creams, 1948

~ Menufacturers reporting sweetener usﬁé '

Corn sweeteners used with ~  Percent of corn Percent of %o
suger in jios creams - Number sweetener:users manufacturers
Dextrose 35 46,1 28,7

Corn sirup solids 22 29,0 ' 18,0

- Dextrose and corn sirup = =

- solids 2 2,6 ‘ 1.6
High-conversion corn sirup 14  18.4 11.5
Reguler commn sirup 3 3¢9 , 2eb

- Total using corn émetenera' 76 - 100.0 , 62,3
Total menufacturers 122 e 100,0

Almost 9 out of 10 of the msnufaoturers of sherbets and ices reported
the use of a combination of suger with one or more of the corn sweeteners.
(See Table 31) Most of those making ice cream as well &s sherbets snd
ices preferrsd to use a combination of sugar snd corn sweetener in the
sherbets and ices, even though they used 100 percent sugar in ice cream,

- Of those preferring some corn sweeteners in sherbets snd ices, more than
one-half reported the use of dextrose with sugar, the next largest group
, preferring corn sirup solids.
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Table 31 - Corn sweeteners used by manufacturers reporting the
production of ices and sherbets, 1948

Manufacturers reporting sweetener usage
Corn sweoteners used with Percent of corn Percent of total
sugar in sherbets and ices Number sweetener users menufacturers

Dextrose 46 5045 44,2
Corn sirup solids 21 23,1 20,2
Dextrose and corn sirup ,

solids ' 2 242 1.9
High-conversion corn sirup 19 20,9 1843
Regular com sirup 3 363 2.9
Total using corm sweeteners 91 100.0 87.5.
Total manufacturers 104 . - 100.,0 7

Sugar-Corn Sweetener Ratios = The majority of manufacturers using corn
swoeteners in frozen desserts preferred a combination of 756 percent sugar
and 25 percent com sweeteners. Over two-thirds of the corn sweetener
users preferred a combination of sweeteners in which the proportion of
corn sweeteners was from 20 to 29 percent of the total sweetener content.
A somewhat higher proportion of the manufacturers of sherbets and ices
than of those meking ice cream preferred combinations in which ratio of
corn sweetener to total sweetener was 30 percent or above.

During the recent war period, a number of manufacturers either began
to use corn swesteners in ice creams for the first time or inocreased the
proportion of this type of sweetener. Marketable ice oream was reported
to have been produced using corn sweetener to replace between 30 and 50
percent of the total sweetener content, but 50 percent was the upper
limit for tbs replacement., In sherbets and ices, however, corn sweeteners
wore used in amounts up to 75 percent of total sweetener content, with
reportedly satisfactory results. It is indicated, therefore, that the
upper limit for replacement of sugar by corn sweeteners is about 50 per-
cent of the i{iotal sweetener content in ice cream and 75 percent in sherbets
and ices, However, in actual commercial practice at the time of the sur~
vey, tis proportion of corn sweetener used was much lower.

Advantages end Disadvantages of Using Corn Sweeteners - Among the advantages
of Including corn sweeteners as one of the ingredients in frozen desserts,
the one most frequently mentioned was the favorable effect of such sweet-
eners on the physical characteristics of the producte Of the total menu-
Pacturers interviewed, almost two-thirds stated that a corn sweetener
improved the body and texture of one or more of the frozen desserts. In
the cegs of ice cream, the corn sweeteners were believed to give a smoothur
product and provide a better "melting down" consistency, when used in
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amounts not considered excessive. Many producers of sherbets and ices
emphasized that the value of corn sweeteners in these products was
enhenced by their ability to prevent or inhibit bleeding _71!:3‘/ s granulation
or orystallization, and separation of the ingredients in The producte

‘The relative sweetness of sugar and corn sweeteners plays en importent
roles A menufacturer who uses 100 percent sugar usually desires a sweeter
~ product, or he desires a sufficiently sweet product with a lower total
sweetener content. However, when more body is desired without increasing
the sweetness, or a reduction of sweetness without sacrificing body, a
combination of -sugar with corn meteners is i.ndicated.

, The majority of those who had used corn sweeteners believed that
when used in limited amounts no impairmemt of flavor or taste was notice-
able, In many instances, individuals stated that corn sweeteners tended
to bring out the natural flavors, carry fruit flavors better, or make the
product more palatable, Those who considered that the effect of a corn
sweotener was to impair quality generally reported that they had used the
corn sweetener in amounts greater than 30 percent of the total sweetemer
content, When used in relatively large proportions, corn sweeteners were
said to flatten or deaden or overpower the natural flavors. Because of
differences in freezing temperatures when sugar is partielly replaced by
corn sweeteners, it is often necessary to change the temperature regulation
on freezing end holding cabinet equipmenté

The lower price of corn sweeteners was reported to play a secondary
role. Where use of a certain proportion of corn sweetener was preferred
by menufacturers of ice cream, the physiocal characteristics imparted to
the product of ice oream were stressed rather than savings in cost through
use of the corn sweeteners. While a few stated that price played a deci-
sive part in their decisions, a larger number declared that in ice cream
scme amount of corm sweetener would be wanted anyway for its physical
properties. In the case of sherbets and ices, a greater number of masnu-
facturers gave more consideration to relative prices, as competition was
found to exist between sugar and corn sweeteners, and also between the
different types of corn sweeteners. Thus, price and price differentials
between sweeteners played & minor role in the use of corn sweetemers in
the higher-priced frozen desserts and & more decisive role in the lower-
priced sherbets and ices,

Dextrose = Dextrose was reported to give body to a frozem dessert without
excessive sweetness. Its greatest advantage as a sweetening agent seems
to be in the sherbets and ices. When more body is wanted in sherbets
end ices, or 100 percent sugar is thought to give too sweet a product,
the manufacturers believe that corn sweeteners other than dextrose give

78/ Bleeding is a term generally used to describe the separation
of liquid from the solids,
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body, but insufficient sweetness in products containing a relatively
large proportion of corn sweetemer. Dextrose, the sweetest of the corn
sweeoteners, was preferred over corn sirup solids and corn sirup by these
mnnftowrora, and & number of producers were using dextrose in sherbots
and ices although they used enother corn sweetener in ice oreams.

When used in ice oresm, dextrose was said by some to present a
problem of erystallization not encountered whem use was made of the
other ocorn sweeteners. While some believed that dextrose itself ory-
stallized in ioe oreams, a few menufacturers believed that sandiness
oould be attributed to lactose orystallization and was more noticeable
in iece cream ocontaining dextrose.

A number of msnufacturers mentioned that dextrose has a lower freezing
temperature than sugar, and reported the necessity of resetting temperature
gauges when this sweetener was employed in frozen desserts.

Many menufacturers stated that they would not consider the use of
dextrose unless the price differential between dextrose snd sugar was
widened sufficiently to emable enough savings in ingredient costs to
warrant handling two sweeteners. Some who were favorsbly disposed toward
using dextrose were not doing s0 because they could obtein one of the
other corn sweeteners at a lower prioce,.

Corn Siru 8011ds = Smaller menufacturers using corn sirup solids in plece
of corn sirup were almost wnanimous in adwocating the use of this sweetener
in frozen douom as a means of improving body and texture. This was
especially true in ice cream, where use of corn sirup or corn sirup solids
was said to impart a desirable conslistency to the producte In a few in-
stances, it was stated that use of the solids resulted in an excessive
amommt of body, if sweeiness were to be maintained. About a third of the
solids users expressed a preference for this material because it permitted
an increase in body with a reduction in sweetness, Comments were mostly
negative concerning the advantages of using cormn sirup solids for better
flavor, While a few users of this sweetener believed that solids improved
the flavor of frozen desserts, the majority of comments indicated that
corn sirup solids were belleved to have no noticeable effect when used
within certain replacement limits. An amount not in excess of 30 percent
of total sweetener was given as the approximate limit.

‘ A feow manufacturers who preferred corn sirup solids were using dex-
trose in areas where dextrose was cheaper.

When a corn sweetener was used with granulated sugar in frozemn
desserts, smaller manufacturers almost always reported a preferénce for
dextrose or corn sirup solids, for the convenience of handling bag
sweeteners only, In this connection, dextrose was often preferred over
corm sirup solids, since the solids are hygroscoplic by nature, and have
a tendency to absorb moisture and become sticky when exposed to the air,
A few reported that this sweetener also tended to become lumpy in mixing.
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Products made with cormn sirup solids had beem found to have a higher
freezing temperature then those made with sugar. While some believed
that this required a resetting of temperature regulators when this sweet-
ener was used, others reported that the higher freezing temperature with
corn sirup solids enabled freezing of the mix in a shorter length of time.?_Sﬁ/

High=-Conversion Corn Sirup = High-conversion corn sirup was reported to
impart smoothness and a desirable consistency to ice cream and prevent or
inhibit bleeding and crystallization in sherbets and icess However, a few
- producers stated that when too much of this sweetener was used a sticky

- product resulted. High-conversion corn sirup was liked when both body and
sweotness were desired, and where it was rejected as a supplementary
sweetener, operational factors were generally responsible. A few manu-
facturers used it as a means of cutting costs, because 1t generally is
cheaper than dextrose or corn sirup solids,

: Most manufacturers who used granulated sugar in frozen desserts had
rejected the corn sirups primarily because of the difficulty in handling
liquid sweeteners in barrels or drums. Where facilities for handling
liquid sweeteners had been installed by the larger manufecturers no diffi-
culties were experienced and corn sirup was preferred over the other corn
sweeteners because of its lower price and for convenience in handling and
mixinge A number of manufacturers stated that they would prefer that
sweeter high=conversion corn sirup if proper hendling facilities were in-
stalled and they could purchase the sirup in tankcar lots. Cthers steted
that they would prefer some grade of corn sirup to other corn sweeteners
if a pre-mixed sugar and corn sirup combination could be purchased.

Reguler Corn Sirup = Use of regular corn sirup in frozen desserts was
reported to give somewhat more body and loss sweetness to such products
than results from use of the same quantity of the high-conversion sirupe.
fccordingly, when corn sweeteners are used, it was reported that use of
too great a proportion of regular corn sirup may give an excessive amownt
of body with insufficient sweetness. Except for the water which it con-
teins, regular corn sirup has approximately the same composition as com
sirup solids and may be used in corresponding proportions with equally
good resultse The unit cost is less than for the other corn sweeteners
but the sirups are considered more difficult to handle on a small scale
than dextrose or corn sirup solids,

79 For additional informetion regarding relative freezing tempereature
of the primary sweeteners, see pages 57-58.
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. Aug. 6, 19).‘60 ) ‘

Massachusetts Rules, Regulations, Standards and Definitions of Purity and
Quality of Food; Depte of Public Health, adopted Feb, 9, 1937, Mass. Act
of 1948, section 6, Relative to Adulteration or Misbranding of Food and
Drugs, chapter 598, '

Michigan Laws relating to the Dept. of Agriculture, extract from Act 328,
P. A. 1931, Adulteration of Maple Sirup. Act No. 123, Public Acts 1903,
Corn Sirups Act No. 222, (Ice Cream) P.A. 1931,

Mississippi Pure Food Law, Rules and Regulations for its enforcement,
Bulletin #1, Mississippi, Ae & M. College, Jamuary, 191l.

Mississippi House Bill #753 approved in Regular Session of the 1948 Legislature,
effective Jan. 1, 1949,

- New Mexico Dairy Laws; Rules and Regulations governing the operation of

cream stations, State Dairy Commission, State College of New Mexico,
September, 1937, A

New Mexico Laws of 1927 as amended, chapter 97, section 8A, paragraph 8
and section 8E, paragraphs 1=-3 inolusive,

New York Agriculture and Markets Law, circulars 670 and 673, 1943;
circular 685, 1948,

Ohio Amended Senate Bill No. 190 to regulate the manufacture and sale
- of soft drinks and non-alcoholic,bevera‘ges in containers ¢ « « o o

‘Oregon Laws, 1949, 6hap’ter 458,

Pernsylvania Dept. of Agriculture Official Bulletins, Title II, Bureau

of Foods and Chemistry, Chapter XVI, Standards for non-Alcoholic and

- Carbonated Beverages and Still Drinks. Adopted April 8, 1946. Chapter IV,
Ice Cream; Chapter VIII, Flavoring Materials; Chapter X (Revised) Dec. 8,
1948, Cereals, Meals, Flcurs, Bakery Products, and Related Ingredientse

Pennsylvania Ice Cream Law, Act of 1933, P.L. 1116 as amended by the Act
- of June 5, 19373 No. 3509 PeLo 16720 :

Permsylvania House 5ill No. 1031, Session of 1949,

Pennsylvania Carbonated Beverages and Still Drinks Law, Act of May 1l,
19'253 Po LQ ?BG’ as amendﬁd& .
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State and Federal Legislation = contd,

Wisconsin Statutes, section 97,09 Relating to Manufacturers, Bottlers,
and Distributers of Soda Water Beverages; General Order 11k, Rules and
Regulations Regulating Soda Water Beverages, October 1, 1946, Wisconsin
3tate Depte of Agriculture, Madison, Wisconsin, September, 19L6e
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UNITED STATES DEPARTMENT OF AGRICULTURE l.Project o.RM-c-lg
PRODUCTION AND MARKETING ADMINISTRATION 2¢Branch  Sugar
3.Agency Fﬁ%

RESEARCH AND MARKETING ACT

L4e RMA Work Project T1t1e~ VII- Ana1y31s of Demand and Consumer Preferences
, for Agricultural Products

‘(a) RMA Subproject Title: Competitive Relationship between Corn Sugar
~~ and Sirup and Cane and Beet Sugars and Sirups.

5o Act Title: Title 11, Sec. 204 (a).

6e (a) Problem and Needs: For several years the production and use of
corn sugar and sirup have been increasings. This trend was rapidly acceler-
ated during the recent period of shortage of sucrose. Another recent
development is expanded use of liquid cane and beet sugar rather than dry

~ sucroses Other shifts in use of sweetening agents also have occurred.
Specific information on the extent and nature of these increases and shifts,
on factors governing the choices of types of sweetener, and other factors
determining the markets for corn and cane and beet sugars is not now avail-
ables A research project to determine this information for various types
of industrial users is needed. Information gained as & result of such a
pro ject will be helpful to all segments of the cane and beet sugar and corn
sugar industries in development of production and marketing plans; to the
Department in its operational programs and planning activities; and to the
consuming publice '

(b) Object: The objective is to determine quantitatively the use of
corn sugar or sirup and dry or liquid cane and beet sugar as sweetening
agents by various industrial users; to ascertain the factors governing the
choice of use of sweetenery to study the competitive relationship between
liquid sugar and corn sirup and the probable effect of the expanding liquid
sugar industry on both the dry sucrose and corn sirup industries; and to
explore the problem of probable long-time market demand for the various
types of sweetenerse

(e) Plan: Determine from Goverrnment and trade sources the statistics
on productlon and use by types of industries for dry and liquid sucrose
and corn sugar and sirups. Supplement these statistics with original data
collected by means of questionnaires and interviews whenever necessarye
Assemble information from appropriate Government and trade sources relative
to the chemical properties, sweetening, nutritive values, and other
characteristics of dry and liquid sucrose and corn sugar or sirup which
effect the choice of sweetenere. Analyze statistically the factors governing
the price relationships between corn sugar or sirup and sucrose and ascertain
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by ¢vestionnaires and inteviews the degree to which relative prices
govern the choice of sweetenere. Explors the question of consumer pre-
ference for one type of sweetener over another for various uses, Estimate
the production and consumption potentials for corn and sucrose sweeteners
yndsr varying conditions of prices and demand conditions, Information
collected and analyses performed will be summarized in report form for
possible publication and subsequent use,

Approveds

Director, Sugar Branch

Asst.Admr. for Mktge., PMA




Form SU-64 ‘ U. S. DEPARTMENT OF AGRICULTURE
1-24-50) PRODUCT!ON AND MARKETING ADMINISTRAT | ON Anggsﬂ Ei’?»fﬁé's"ﬁiuﬁgﬁigf?'iesl
‘ ‘ COMP ANY
SUGAR DELIVERIES BY TYPE OF BUYER
. : ) QUARTER
IMPORTANT: SEE INSTRUCTIONS ON REVERSE SIDE BEFORE EXECUTING THIS FORM
NEW ENGLAND MIDDLE ATLANTIC NORTH CENTRAL SOUTH WEST TOTAL

PRODUCT OR BUSINESS
OF BUYER !

UNI TED STATES

CRYSTAL -
LINE

(100 vsB.

BAGS)

LiQuiD
(100 vuBS.
REFINED
EQUIV.)

CRYSTAL-
LINE
(100 LB.
BAGS)

LIQUID
(100 LBS.
REFINED
EQUIV.)

CRYSTAL- LiQip

- LINE (100 vuBs.

(100 L8, | REFINED
BAGS) EQUIV.)

CRYSTAL- LiQuUID | CRYSTAL- LiQuip CRYSTAL- LIQUID
LINE (100 18S. LINE {100 LBs. LINE {100 L8s
(400 8. REFINED (100 Ls. REFINED | (100 LB. | REFINED
BAGS) EQUI V. ) BAGS) EQUIV.) BAGS) EQUIV.)

Bakery and allied products,
cereals and cereal products

Confectionery and related‘
products '

3.

Ice cream and dairy
products

Beverages

Capned, bottled and
frozen foods, jams,

‘jellies, preserves, etc.

- 16l -

Multiple and all other
food uses

Non-food uses

Hotels, restaurants,
institutions

' Hholesalé‘grocers; jobbers,

sugar dealers '

Retail grocers; chain

stores, super markets

A1l other deliveries,
. including deliveries to

Goverament agencies

Total deliveries

Deliveries in coasumer-size

packages (less 'than 100 1bs)




Form GRAIN-288 CU. S.

DEPARTMENT OF AGRICULTURE

BU T BUREAU NO. #0-R1907
(1-25-49)  PRODUCTION AND MARKET ING ADNINISTRAT foN APPROTSr R EEs P oaRinRY 26, 1850
‘ COMPANY
DEXTROSE SALES DOMESTIC BY TYPE OF BUYER
(1N 100-POUND BAGS)
‘ QUARTER
NEW ENGLAND MIDDLE ATLANTIC NORTH CENTRAL SOUTH WEST [TOTAL UNITED STATES

PRODUCT OR BUSINESS OF BUYER

1.

-

Bakery and allied products;

cereals and cereal products

2.

Contectionery‘and related
products

Ice‘cream and dairy
products

4

Beverages

Canned, bottled, & frozea foods;
jams, jellies, preserves, etc.

6.

Multiple and all other
products

- 261 =

Non-food products

Wholesale grocers; jobbers; retail
grocers, chain stores; super markets

Other sales including sales to
Goveranent agencies

Total domestic sales
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Teble 32. - Cane Sugar Refineries, by Company and Locetion, Unil d States 1950=51

Total Refineries

Company Refinery Location
American Sugar Refining Company ---------------------- ==  Brooklyn, Ne. Y.
------------------------ Boston, Masse.
| eememeccmm e m et ————— Baltimore, Md.
(Franklin Sugar Refinery)-—--eemcecccucencmccoan= Philadelphia, Pa.
(McCahan Sugar Refinery )=-seemesmm=cec-ce m==ee--= Philadelphia, Pa.
----- Chalmette, Leae
Americen Molasses Company (Nulonnline )=—mmmmm—— e —————— Chicago, Ill.
(Nulono ine eecececemecee——. ~== Sen Francisco, Cale
(Wuloroli~e ¢ Sucrest)ecsceess  New York, NeYe
Je Aron and COMpANY ~==—-e-scmmcmmmes tmn o oommme———-————— Tallieu, Lae
California & Ilawaiian Refining Corps .itd. ~wewmewmaewwecee  Crockett, Cal.
(Western Refinery)ww—mmmwmmmeaaa San Francisco, Cale
Colonial Sugars Company-==—===m—mmmeeo e e e e Gramercy, Lae
Fellsmoere Sugar Producers Assoclation —--—-comsmcacocanaa- Fellsmere, Fla.
Godchaux Sugars, INCe=mececccceccunaws - o e e e e Reserve, Las
Henderson Sugar Refining, INCe—-——emccmamcccnmcen e cc e e New Orlesans, La.
Imperial Sugar Company ==—-eee~ecewee= P e e —————————— Sugar Land, Texas
Industrial Sugars, INCi==mmeccecccmrccrnamce e cccae St. Louis, Mo
Inland Sugars, INC. c“w=ccsucmecace- ——— e aan—e—— Milwaukee, Wisc.
Krim=Ko Corporation ==wweeccccacccancnaacacmamacenane—en Chicago, Ill.
Liquid Sugars, Inc. ==-== e m————— o o 2 e o 0 o e e Indianapolis, Ind.
Louisiana Liquid Sugars, Ince=--=- — —————————— Jeansrette, La.
National Sugar Refining Company =--ee-cccccmmcoccanenaes Long Island City, NeY.
{Permsylvania Suger Division)eese-seccceecacaeea-— Philadelphia, Pa.
Pepsi-Cola Company===s=e=memmacocmancmen .o ——————————————— New York, NeYe
Refined Syrups & Sugars, InGe ===-~==cmmeccccccccmccaaea= Yonkers, NeY.
Revere Sugar Refinery Boston, Mass.
Savannah Sugar Refining Corp. (Port Wentworth )ee=—emeee— Savannah, Gee.
South Coast Corporation ==-cacemecececconcnncccnmnncncaa Mathows, Lae
Southdown Sugers, INCe=w=~wmcmmcecmcc e nc e e e e ———. - Houma, Lae.
Sterling Sugars, IfCe =-=====mesececcsmcceeosconemmen————" Frenklin, Lee.
Tea Garden Products Company-=<e=mvecmememceccecemeenenee= San Francisco, Cal.

32
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Teble 33. - Location of Beet Sugar Factories, United States, 1950-51

Factories Operating, 1950-51

California

1.
2
KD

- 4.

5.
6e
Te
8.
Q.-
10.
1l.

Alvarado

Carlton (Brawley)
Betleravia
Clarksburg

Dyer

Hemilton City
Manteca

Oxnard

Spreckels

Tracy

‘Woodland

Coloradn'

1.
2e
Se
4.
Se

Brighton
Brush

Delta

Eaton

Fort Collins

2. East Grand Forks
3+ Moorhead

Michigan Utah

le Alma 1. Canterfield

2. Bay City 2. Garland

3. Blissfield 3+ Layton
4. Caro * 4. Lewiston

5« Carrollton 6+ West Jordan

6. Croswell

7. Lansing Waghington Wyoming

8. Menominee .

9« Mount Clemens l.Toppenish 1. Lovell
10. St. Louis 2. Torrington
1l. Sebawaing 3+ Worland

Wisconsin
Minnesota
l. Green Bay
l. Chasta :

Total factories operating =73

6. Fort Morgan
7. Greeley

8. Johnstown (molasses)

9. Longmont
10. Loveland
1l. Ovid

12. Rocky Ford
13. Sterling
14. Sugar City
15, Swink

16, Windsor

Idaho

l. 1Idaho Falls
2+ Nampa

3+ Preston

4. Rupert

5« Twin Falls

Towa

le Mason City
ﬁnnnaa

e Garden City

Number of States 16
Montana
l. Billings Pactories not operated
2+ Chinook 1900~51
- 4. Hardin
4, Missoula ls Port Inpton, Colorado
5 Sidney 2. Lyman, Nebrasle
3. Wheatland, Wyoming
Nebraska 4. Sheridan, Wyoming
5. Blackfoot, Idaho
l. Bayard 6. Paulding, Ohio
2+ Gering 7. Holland, Mich.
3+ Grand Island 8, Mt. Pleasant, Mich.
4. Mitohell
5+ Scottsbluff Factories Abandoned
Ohio 1. Spanish Fork, Utah
2. Shelley, Idaho
l. Findlay 3. Burley, Idaho
2¢ Fremont
3. Ottawa
QOregon
l. Nyeassa
South Dekota
1. Belle Fourche
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Teble 34. - The Corn Wet-Milling Industry: Companies, location of plents,
and corn sweeteners produoed, 1950=-51

conu""‘"‘“"‘“b"’“("d’smmmns SOTP  (aTieate T T 7 "% )

) :
3 Location s Corn Sirup Unmixed Ref'ined
Compeny H ~of :+ Low ¢ Regu~:High conversion:Spray corn
: Plant tconver- : lar : ¢ or sugar
'3 ' :+ sion t e : pan (dextrose)
3 s s 3 ) - -idried i
American Maize- , 7 - ‘
Products Coe Roby, Ind. x x x 7 x x
Anhouser-Busch Inc. Stelouis,dos X . x x
~ Clinton Foods,Inc. Clinton,louﬁ . ox x o ox - ‘ x x
Vcorrn Products = (Argo,Ill. X - x % - x-
*  Refindng Co. (Pekin,I1l. x @ x x x
, "~ (Xans.City,Mo. x- x x x
, ~ (Corpus Christi,Tex. - x 1/
The Hubinger Coe (KeoXuk, Iowa x x x x T
Penick & Ford,Ltd. Cedar Rapids, x x ox x
A.F.Staley Mgf.Cos Decatur, Ijle  x x x
Unlon Starch & - ERE '
Refining Coe Granite City,Ill. - ox x

1/ Dextrose produc edr from sorghum.



~ Table 35, Total Sugar Available for Domestic Consumption:

Estimated Net Cha_nge in gns:.bles, Inited States, 1935-50

Total Sugar Available

 Year for Domestic Consum

bags, a jroduced

1935
1986
1937
1938
1989
1940

- 1sa1
1942
1943
1944
1945
1946
1947
1948
1949
'1950 4/

125,987,047
127,751,361
126, 563,285
125,837, 675

129,961,934
130,242,739

152,315,097
102,640,153
119,681,042
135,037,472

112,458,319

105,090, 947
139,249,454

137,702,013

142,355,490
155,445,573

- 196 -

ion

Estimated Net

Change in Invisibles Totals
(ba.gs, refmedi (bags as proat
3/

4 261,680
- 280 370
£ 149 530
- 555 140
£ 3, 757 010
4 4 971 960

fil 527 100

-20, 149 530
£ 1 028 040

261 680
-1, 140 190
- 150 840
£ 6, 655 510

- 4 766 260
- 2 093, ,460
£ 7 477 000

Adjustment for

Ad justed

as produced)

125,725,367

128,014,731
126,413,755

126,192,813

126,204,924
125,270,779

1140, 987,997

122,789, 685
118,655,002
134,775,792
113,598,509
105,221, 787
132,615,944

142,468,373

144,482,387
147, 968,573

1/ Souréei See Table 44,

_j Source:

Sugar Branch, PMA-—Converted from raw value by application

" of conversion factor 1. 07.

y For the purposes of this study, th:.s ‘column represents sugar usage

7 by cJ.v:Ll:.ans and the military.

Y Preliminary.
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Table 36. Cane Sirup and Edible Molasses: United States production, imports,
. exports, and supply avgilable for domestic consumgtion.'lQBS—SQ; )

____ Preduction 1/

Year : Cane : Edible : : Imports : Exports : Supply
: sirup : Molasses : Total : 2/ @ = '+ available for
T - ¢ : : -3 : 3 domestic con-
R : - : __: sumption g
1000 1000 1000 1000 1000 1000 - 1000
gals, gals,  gals. - gals. gals, gals. = - lbs,
1935 ,,, 23,77 5,512 29,239 1,819 98 50,960 359,136
1936 ,.. 24 509 5,526 30 035 1,809 11 31,723 367,987
- 1937 ... '21 870 5,228 26 898 2 156 110 28,944 555 750
- 1938 ... '25 844 3,880 27,7247' '2 169 61 29,832 ﬁ546 051
1939 ... 20 524 3,88 24,406 2 288 103 26,591 308,456
- 1940 ,.. 522 R64 4,891 27,155 5,778 17 30,916 558,626'
1941 ... 15 360 2,706 16,066 5,357 15 21,408 248,333
o lo42 .. 18,658' 5,400 24,038 7,02 79 - 31,161 '561 468 i
1943 ,,, 18,416 7 732 26,148 l 224 80 27,292 «516 587 .
1944 ,.. 21,027 10 690 31,717 2 4852 53 34,516 400 386
1945 ,,, 19,897 6 922 26,819 1 871 175 28,515 530 , 774
1946 ,,, 28,711 15,181 43,892 *622 290 44,224 512,998
1947 ... R4,450 13 589 38,039 -850 1,100 37,589 456 032
1948 ... 20,270 5,146 25,416 1,031 51 26,396 304,628
- 1949 ,,, 13,390 4 016 17,406 1 197 8/ 18,603 215 785

1050 ... 11,770 4,339 16,109 2,358 6/ 5/ 18,467 214,217

Sugar ?ranch PMA

;/ Bureau of Agrlcultural Economics: Productlon of cane sirup and edible 7
avlasses is of the fall of the preceding year,

8 ',g/ Figures for 1955—58‘were derived from Sugar Branch St&tlSthSQ for -
o 1939-47 from U, S. Tariff Commission and 1948-50 from Sugar Branch orﬂginal
source was Department of Commerce,

3/ SugarrBranch; FMA: Computed .rom Department of7C6mmerqﬁ statistics,
193548, o ' - . o

_/ Converted from gallons at 11,6 pounds per gallon,

5/ Department of Commerce, 1949-50, includes cane sirup and edible molassow f
~ exports under the classification "Sirup for table use and edible molasses," -

6/ Includes JanuaryANovember totals only.

i



-198"

- Table 37, Refiner's;§;;ugz United States Production, Exports and Supply
o ' Available for Domestic Consumption, 1935-50

]

Year Production of _/ Sirups 2/ Supply Available

L Reflner's s Sirup Exports o '
1000 gallons 1000 gallons 1000 gallons 1000 pounds 4/

1935 2,887 377 2,510 9,417
1936 ,(2 700) R84 R,416 28,316
1957 2,785 380 2,355 27,601
1938 (2, 900) 507 2,495 29,218
1989 5,428 2,378 1,050 12,306
1940  (R,800) 1,179 1,621 18,998
1941 (2,600) 192 2,408 28,222
1942 (s,400) 542 6,058 71,000
1943 12,225 398 11,827 138,612
1944 14,996 300 14,696 172,239
1945 22,020 21 1,599 253,140
1946 18 211 5 896 14,315 167,772
1947 (10,000) ’sa2 9,658 113,192
1948 - 4,107 307 : 3,800 44,536
1949 3,901 575 5/ 3,526 38, 981

1950 3546 2053/ = 3,341 39,157

1/ Bureau of Agricultural Economics: From 1929 to 1942, inclusive,
figures for odd-years, except 1941, are from Bureau of the Census, for
- even years and 1941 and 1947 quantltles are estimated, Data from 1943-48

~ from the Sugar Branch PMA,

o g/ Assumed to be largely refiner's sirup. Includes a variety of
sirups for table use and use by food industries., Does not include molasses,

corn sirup (other than for table use), sirups and flavors for beverages,

or honey, all of which are separately reported in official Uhlted States

export statistics. ,

‘ 3/ Dept. of Commerce classification now includes quantities of
~ exported edlble molasses, 1950 figure includes January-November totals
only. S

_/ Converted from gallons at 11,72 pounds per gallon,
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»Igble 55; Honey: United States Production, imports; Exports aﬁd Supply
: Available for Domestic Consumption, 1935~50
’ (1,000 pounds)

Year Domestic Imports and Domestic Sﬁpply

Produetion In-shipments Exports Available
1935 159,753 1,856 ' 1,574 160,035
1936 - 177,495 2,362 1,128 178,729 -
1937 162,996 2,385 2,538 162,843
1938 ' 223,003 R,432 3,442 ’R1,993
1939 180,474 2,603 R,561 180,516
1940 R05,767 2,698 : 5,363 R05,102
1941 *R1,959 5,144 530 Q26,573
1942 - 177,67 Q1,202 335 198,539
1943 189,867 38,254 59 228,062
1944 188,917 4,811 177 213,561
1945 233,070 1,081 197 253,904
1946 R13,814 19,935 198 233,551
1947 R28,582 R0,377 1,292 247,667
1948 206,305 9,R83 11,108 204,480
1949 226,978 9,666 1,212 k35,432
1950 1/ 234,153 (9,500) (1,300) 242,353

B.A.E.,, Department of Commerce

1/ Preliminary--imports and inshipments are exports estimated.

954135 O—51——14
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Table 59. Productlon, Imports and Total Supply Avallable for Domestlc
onsumgglon, 1935-1950

MAPLE SUGAR
~ Year . Production %/ Imports Total Supply Available
- (1000 pounds (1000 pounds) (1000 pounds)

1935 ‘ 1,241 : 1,920 : 3,161
1936 : : 721 ' 6,207 6,928

- 1937 - 779 . 7: - 6,060 , 6,8R9

1936 o 705 - 3,946 ) 4,651

1939 366 - 9822 9,988

- 1940 434 - 4,087 ' - 4,521

lo41 387 - 4,628 . 5,015

1942 654 7,121 7,775

- 1943 i o 678 -~ 4,556 5,134

1944 ) 565 5,885 4,448

1945 237 3,959 4,196

1946 B! 4,207 , 4,579

1947 R - 305 - 4,064 : 4,369
1948 229 , 6,239 6,468
1949 292 7,094 , 7,386

1950 R78 (5 163) 2/ 5,441

MAPLE SIRUP
Year Production %/ Imports Total Supply Available
(1000 pounds (1000 pounds) (1000 gallons) (1000 Pounds

1935 3,432 RR4. 5,656 40,216
1936 2,401 28 2,429 26,719
1937 2,497 8 2,505 27,555
1938 2,770 4 R,774 30,514
1939 2,515 241 2,756 30,316
1940 2,597 o4 3,021 53,251
1941 1,997 2 2,209 24,299
1942 2,915 456 5,551 56,561
1943 2,555 108 2,663 29,293
1944 2,568 163 2,751 30,041
1945 991 112 1,103 12,133
1946 1,328 202 1,530 16, 830
1947 R,039 467 2,506 R7,566
1948 1,445 445 1,890 20,790
1949 1,614 375 1,989 21,879
1950 1,946 (474) &/ 2,40 26,662

l/ B.A.E.-~Does not include varying quantities pfoduced on ron-farm lands
in Somerset County, Maine,

2/ Dept. of Commerce, total for January-October, 1850,
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Table 40,  Sorgo Sirup: Production, United States, 1935-1950
Year , Ptoductlon (OOOL '
S ' (gallons) _/ (poundsjf_]
1935 ' 18,588 : 2145691.4
1936 , 16,250 187,456.5
1937 | 12,936 ©149,410.8
1958 | 12,481 144,155.6
- 1939 , o . 11,407 : , 131,750,.8
1940 | 10,199 | 117,798.4
1941 10,684 116,734.0
11942 ) : 10,568 ’ 122,060.4
1943 13,728 o - 158,558,4
1944 C 111,868 . 137,075.4
1945 11,649 154,546,0
1946 | 9,850 - 113,767.5
1947 . , ll 934 ' 117,837.7
1948 , S o 9 845 - - ' 115 702.8 -
1949 7 665 88 530.8

1950 R 6,012 Ao 69,438.6

7;/, B.ALE, Preductlon of fall of precedlng year, assumed for
consumptlon 1n calendar year follow1ng.

_/ Converted from gallons at about 11,55 pounds per gallon.rr
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ab;e o Corn. Grind:mgs by the Wet Procesa, Domestic, ‘Export and
- Total, Un:.ted States, 1955-1950

o . Wet Process Grindings bushels '
~ Year: ~ Domestic - Export 1 Total ~

1935 56,172,154 2,147,029 58,319,183
1936 72,085,176 2,404,218 74,497,394
1937 65,517,842 2,884,360 88,402,202
1938 66,385, 911 6,935,630 75,321,541
1939 69,097,391 8,146,725 77,244,114
1940 70,377,825 11,832,435 81,710,258
1941 99,367,019 10, 983,247 110,300,266
1942 122,980,405 7,577,682 130,358,057
145 122,398,501 6,056, 555 128,454,854
1944 115,185,818 4,773,307 119,959,125
1945 115,479,095 5,462,798 118,941,801
1946 114,620,797 5,990,077 120,610,874
1947 135,241,609 6,081,570 139,273,179
148 106,156,255 5,759,689 109,877,922
1949 111,339,804 4,834,289 116,174,093

1950 : 126 158 928 5,299,610 131,438,558

Compiled from trade sources by the Grain Branch, PMA

: 1/ Bushel-equ:.valent of producta of corn shipped to points out—
' s:Lde of the 48 States and the Distriet of Columbia..r o
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Derivation of Statistics on Total Sugar Supply Available for Domestic
Consumption and Usage by Householders, Institutions and Industry,
ited States, 1935=50. )

1. Previously published sugar distribution data, as collected by the
Department of Agriculture for purposes related to the Sugar Act and its
functions, are shown in Table 42. These data include sugar deliveries
for domestic consumption and for export, by type of primary distribution,
and the figures are expressed in terms of short tons, raw value. From
the total of suwh deliveries are subtracted the deliveries for export in
order to derive total deliveries for United States civilian and military
consumption. '

26 Total supply of sugar for domestic consumption: The data described
above constitute the basic information from which total supply of sugar,
liquid or orystalline, for domestic consumption, available during the
years 1935-50, has been determined for purposes of this Projeot No.RM:c 137.
As the information was to be used in comparing sugar distribution or
usage with deliveries or usage of other types of sweeteners, it was
considered necessary to establish sugar deliveries on a basis of
deliveries as produced or as sold rather than as short tons, raw value.
In addition, to the total distribution figures, as previously published,
were added imports of liquid sugar entered under the liquid sugar quota
for Cuba and Dominican Republic plus large quantities of “colored and
flavored sirups,"™ imported during 1942-44 and leter classified as liquid
sugar. Tables 43 and 44 present deliveries by primary distributors and
liquid sugar imports in short tons and in 100 pound units, as produced.
From the basic published series, deliveries for domestic consumption on
an as produced basis were derived as follows:

8. Refiners' Refined Crystalline and Liquid Sugar - Liquid sugar
deliveries for the years 1941-50 are available within the Department on
the basis of rafined sugar content of the product solde Since no data
on sugar content, as produced, are available, data on liquid sugar,
both domestic and imported, are given in this study in terms of sugar
oontent as reported. By subtracting liquid sugar figures from the total
of Refiners' Refined, as previously published a residual figure representing
Refiners' Refined Crystalline sugar was obtained for the years 1941-50.
These residuals as well as the total Refiners' Refined figures for
1935~40 were converted from raw value figures to units, as produwed, by
the application of the conversion factors listed in Table 45.

be. Refiners' Raws - For 1935-50, figures for Refiners' Raws o
delivered for direct consumption, are published in terms of rew velue (96 e
These were used without conversion as data in terms of units, as produced,
are unavailables

6. Deliveries by Beet Processors - Figures in short tons, raw value
were converted to 100 pounds, raw value and divided by the conversion
factor 1.07 to give annual deliveries in terms of units, as produced.
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d. Importers' Rews, Refined Sugar and Turbinadoes - Figures on
raw sugar deliveries, 960 basis, and other deliveries, as prodwced,
are available within the Department for the years 1940-50. For the
years, 1935-39, a conversion factor of 1.068 (the average relationship
of value, as produced, to raw value, 1940-50) was used in converting
raw value to units, as produced. '

- @+ Mainland Cene Deliveries - Deliveries of raw sugar and
deliveries of other types of sugar for direct consumption by mainland
cane mille are available separately for the years 1939~50, in terms of
raw value. Raw suger deliveries for these years has been listed as
~reported, while other deliveries are converted from rew value to units,
as produced, by applying the conversion factor 1.065 to reported figures.
This conversion factor for deliveries other than raw sugar is a weighted
~average of the "as produced" equivalents of refined suger, magma, )
weshed crystals, turbinadoes and plantation granulated (Refined sugar
- constituted approximately 75 percent of the total each year). For the

years 1935-38, the totul raw suger and other deliveries were converted

together from short tons, raw velue by applying the factor 1.058,

This factor is the weighted average conversion factor for combined raw

and other sugar deliveries by mainland cane mills for the years 1939-49.

f. Liquid Suger Imports ~ Such imports, on & basis of refined
sugar content, are availeble within the Department for the years 1935-50.
For the years, 1942-44, the sugar content of flavored and colored sirups
imports, estimated from Tariff Commission enalyses made during 1944,
was added to liquid sugar imports.

3. Total Estimated Civilian Usage of Suger, 1935-50 - Table 43
presented total beet and cane sugar distribution and liquid sugar imports,
1935-60. From the totals therein, direct deliveries of sugar to the
military have been subtracted. However, suger used in industrial
products for military consumption is included with civilian industrial
usages The resultant figures have been adjusted for net changes in
invisibles, 1935~50 (See Table 46). The final adjusted totals represent,
for purposes of this study, an estimate of total civilien sugar usage
for the years, 1935-50, and include all use categories as calculated

in the following study of sugar usage by householders, institutions

and industry.

4.  Sugar Usage by Householders, Institutions and Industry, 1935-50 -
The uhjective of this study was to construct time series reflecting sugar
consumption by end-users. The data in Table 47 are estimates as no
adequate data on consumption by end-users are availeble. While these
estimates do not have a high degree of statistical ecouracy, they
probably give a fair picture of the relative magnituies and trends in
usage by industrial users, household consumerc, snd institutionse

a. Home use = An amnual postwar rate of about 57 million bags,
raw value, is indicated by the Census of Manufacturers: 1947 and
USDA "Suger Deliveries by Type of Buyers" Both these sources reported
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the qus.nt:.ty of sugs.r “delivered by primry distributors in consumar-size :
packhges. 80/ Unfortunately there are no similar date on which to base
estimates of household usage in earlier years. For the period 1935-46,
the series 1s composed of residuals, after the subtraction of estime.ted
industnal a.nd institutional usage from total eonsumption.

be Institutional Use = The only mterial on 1nstitut:|.onal

consumption is an unpublished USDA estimate of 8,000,000 bags for the
prewer yearse. This annuel consumption figure was based on date on ’
institutional population and school enrollment, and certain assumptions
regarding attendance at restaurants and vacation resorts, together with
-~ estimeted per capita sugar consunption. For the control period, and

‘extrapolation was made on the basis of OPA regulations regarding
institutional users. For the post-control period, the sharp increase
wes based on general information regarding greatly increased sohool
enrollment a.nd at‘benda,nce at vacation resorts.

, Ce Industria.l Usage - General - Severa.l sources combtributed 'bo
the estimetes of industrial usage, either directly or as corroborative
evidence. The most importent was the Census of Manufactures. - There
~ follows a brief summary of the sources used and of the general nature
~ of the adjustments which had to be mads to adapt them to the purposes .
of this study. '

(i) Censns'of Manufactures: 195'7 '1939, and 1947. Proba‘bly
the most complete and accurate date on industrial sugar consumption
are reported by the Census, especially for 1939. It will be noted,
- however, that the figures used in this study are somewhat higher
~ than the Census reports, as attempts were made to correct for
under-enumeration. ﬂ/ ‘Before doing so, however, i'b Was necessary -
to reelassify the Census data somewha:l:. R '

Two types of reclaaszfica.tn.on were needed, the first dea.ling with
the suger reported consumed by the individual industry; the
second {and more important), with the cla.ssificat:.on of individual
~ industries within the major classes.
In its reports by, indus‘bry, Census;olassifies each establishment,
~ and the .mterials it consumes, according to the industry in which
it is primerily engaged. Reporbed sugar use by an industry, therefore,
ie not confined to the and-products of that industry, but also S
includes sugar used in the manufacture of secondary products
belonging to other industries. 1In general s the resulting distortion

80/ Census. of‘r Manufaétures' 1947 Vols II. - Sugarr, Cohfeé:ﬁ'onsfry

" and Releted Products. Table 6. The Census defined a consumer-size packag~

as "25 pounds or less" for most of the standard types of sugar. The UIl’.

defined it as M"less than 100 pounds," for all types. Since container sizo.. -

betwseen 256 and 100 pounds are rele:bively rare, these definitions ‘were
con.sidered to include the same size groupse :

81/ For & comparison of Census reported sugar use and estimtes used
in thls study, by mejor industrial classes, see Table 48.
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of" reported ‘sugar use largely cancels itself out when individual
industries are ‘combined into larger industrial groups as the secondary
products of one industry generally fall within the same major industrial
class as its primary product. The net degree of distortion, by major
classes, was not considered sufficiently significant to justify
correction except in the case of "Multiple and All Other Food Uses"

and the "Canning and Preserving" classes.

, The second type of reclassification consisted of transferring whole
~ industries from one na;jor class to another, to fit the industry groupings
‘used in this study. 82/ This reclassification affected the Census data
chiefly in the "Misce laneous Food" category.

After being reclassified, the Census 'data were adjusted for the
degree of under-reporting considered inherent in the method of
enumeration itself, and to a lesser extent for consistency with deta
from other sources. It will be noted that the smallest adjustment was
- made in 1939 and the greatest in 1947. Since the objective of the
study was to estabiish reasonable trends in usage by each industry
- group, and changes in the relative magnitude of usage by different
groups, adjustments in official Census duta were not always made even
when small changes might have been indicatede Such small changes it
'is believed often result in a spurious accuracy of detail which cannot
be justified in the light of the wide degree of error to which any
1nd1vidua.l figure is probably subjects ,

 Reports on sugar consumption were obtained from more industries
in 1939 than in any other Census. That year, all the major food
industry groups and tobacco manufacturers reported sugar consumed.
In 1947, however, data on sugar consumption were not collected from
manufacturers of grain mill products, alcoholic beverages, miscellaneous
foods (except flavorings), or tobacco. For each Census year estimates
~ of sugar consumed in the industries not reporting had to be estimated
on the basis of data derived from other sources.

It was also necessary to correct Census data for under-enumeration
within the industries covered. 1In 1937 and 1939, the Census of
Manufactures excluded establishments whose value of production was
under $5000. Begiming with 1947, the monetary limitation was replaced
by another excluding establishments which, during the year, had had ,
no employees. The Census Bureau and other sources indicate that neither
of these definitions of size~limlt excluded significant quantities of
sugar use from the reports. This is probably true except in the case
of the bakery industry. In the 1947 Census a further cause of under-
enumeration was introduced by the fact that the Standard Industrial
Classification, revised in 1948, resulted in the eliminstion of a
considerable number of establishments from the Census of Manufactures 1947,
which ‘would ‘have been inoluded in 1939 and prarvious Censuses.

. 82_/ For a detailed breakdown of the ma;}or classes used in this study,
‘and an analysis of the reclassification of Census data and OPA Reglstra.tions,
seo Ta.ble 49. ]
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Establishments which sold through single retail outlets were, in
1945, transferred to the Retail Trade Division. This change probably
‘had the greatest effect on the baking industry as it excluded the
- production of many hotels, restaurants and institutions, which were
to a certain extent included in previous Censuses. Insofar as it also
eliminated the output of many small family-type establishments, it
resulted in some under-reporting in the soft drink and preserving, as
well as the baking industries. ' ,

(1) Sugar Deliveries by Type of Buyer: 1949 and 1950 - These reports
made to the USDA cover 95 to 100 percent of total deliveries by all types
of primary distributors except mainland cane mills. Reported deliveries
to industrial users, however, probably represent a somewhat smeller
percentage of the total than the 80 percent of total industrial sugar :
consunption reported by the Census in 1947. Primary distributors reported
deliveries to industrial users only insofar as the latter purchased sugar
directly from them. In addition, manufacturers must havs ultimately
~obtained a large portion of the sugar which primary distributors reported
delivering to secondary distributors (exclusive of consumer-size packaged.)
With respect to specified industrial classes, the degree of under-reporting
is probably even greater than for industry as a whole since primary
distributors reported deliveries under "Multiple and All Other Food Uses,"
when end-use was not entirely clear. For these reasons "Sugar Deliveries"
proved inconclusive as a basis on which to estimate industrial sugar use,
- though it provided a rough guide to relative quantities of sugar consumed
by different industrial classes. The preliminary estimates of industriel
sugar use for 1950, however, are based almost entirely on reported )
"Sugar Deliveries™ for that year as very little other data were available.

(iii) Registration of Industrial Users - OPA - This is the only
report which gives sugar consumption by type of end-use. For this reason,
and also because it is a more complete tabulation of sugar usage for the
~ classes of users covered than any other source, the data obtained by the
Registration should have been of great value for the present study. '
In practice, this was not so as the Registration included upward biases
that could not be eliminated. 83/ The chief comtribution of this study
made by the Registration was the tabulation in four industries of users
- by volume of sugar use. This frequency distribution was of great value

83/ Registration was required of all commercial establishments that

- wished authorization to use rationed foods during the war period. Sugar

users originally were required to state the quantity of sugar they had used

~ during 1941 in the manufacture of all products except those classified as
"provisionals" Foy most industry groups, the Registrations gave far higher

~ sugar use dwring the base period than had been estimated for 1941 on the

basis of the 1939 Census. Some of the difference reflected the usage of very
small firms not covered by the Census. More important, however, was that the
Registrations, when tabulated in 1945, included as part of base use, consider=-
able sugar in addition to that consumed in 1941, Regulations had permitted
upward adjustments in base use to be made in certain cases where a 1941 ,
base would impose undue hardship. Also, a certain number of new users (chiefly
veterans) who had not been in business in 1941, were given bases. There is,

- moreover, & presumption that some industrial users reported their 1941 sugar

purchases (instead of use), thus including some inventory building.
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‘in indicating the approx;mate degree of under-enumeratzon of small
firms by the Census.

(iv) 'Productlon Series and Indexes = For all the major industrial
classes, considerable use Was made Of series reporting production of
end-products. Sugar use was estimated by applying factors of approximate

' - sweetener content to reported volume of production of finished goods.

The resulting series on total sweeteners was then adjusted to allow for
rorn sweetener utilization, and also to eliminate double-counting when

~ one finished product (such as sweetener condensed milk) was used as the

- sweetening-ingredient in another finished product. This method is
admittedly cumbersome and subject to a high degree of error. The degree of
error was lessened to some extent, however, by reconciling sugar use
‘estimated on this basis with that reported by Census for Census years.

For inter-Census years, it was thought to provide a reasonable basis for

~ interpolating sugar use.



- Table 42.

Calendar Year Distribution of Sugar by Primary Distributors, United States, 1935-5C

: Refinerst Refiners? Beet
Year Raws Refined Processors
1935 10,183 4,564,943 1,478,660
1936 11,082 4,519,145 1,364,847

- 1937 135,946 4,714,835 1,245,498
1638 10,480 4,594,891 1,448,865
1959 6,176 4,468,679 1,810,456
1940 © 7,779 4,718,846 ~ 1,551,518
1941 8,573 5,518,103 1,952,597
1942 5,587 3,424,582 1,703,140
1943 15,196 4,621,179 1,525,735
1944 9,875 5,606,726 1,156,309
1945 5,021 4,726,318 1,042,471
1946 3,939 4,012,110 1,379,447
1947 9,085 5,446,889 1,575,060
1948 . R,343 5,151,817 1,656,663
1949 2,212 5,485,728 1,486,889
1950 R,635 5,925,387

1,747,690

(Short tons, raw value)

Mainland

Importers Cane, D.C, TOTAL
614,628 86,028 6,754,442
719,138 157,300 6,771,462
615,432 155,890 6,745,601
562,652 91,839 6,708,727
572,807 141,461 6,999,579
693,917 96,872 7,068, 932
564,044 96,478 8,139,795
466,596 74,854 5,674,759
515,640 1/ 123,817 6,801,567
522,931 164,968 7,480,809
458,587 98,244 6,330,641
480,152 148,289 6,023,937
533,192 115, 922 7,680,088
511,693 97,755 7,420,271
514,430 134,708 7,623,987
553,838 104,398 8,333,888

Export 2/

120, 514
65,267
74,199
65,474

132,061

178,264

70,338
208, 555
466,854
313,459
290,635
403,229
232,254

77,300

43,742

60,398

For U. S.
Consumption %

6,633,928
6,706,195
6,671,402
6,643,253
6,867,518
6,890, 668
8,069,457
5,466,204
6,334,713
7,147,350
6,040,006
5,620,708
7,447,834
7,342,971
7,580,225
8,275,490

1/ Includes flavored sirup from Mexico,

2/

as reported by primary distr
military relief,
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For 1934-41, exports as reported by Department of Commerce; for subsequent years, deliveries for export

3/ Includes deliveries for U. S, military forces at home and abroad,

ibutors, War years include deliveries for liberated areas, lend lease and



Table 43,.. Domestic Cane and Beet Sugar Distribution by Primary Distributors and Liquid Sugar Imports, United States, 19351950 1/

(Short tons, raw value)

Refiners? s ‘ Total Crystalline Liquid
Refined ‘ ‘ Beet Mainland and Domestically~ Sugar
Year Crystalline Liquid Raws Processors Importers! Cane Produced liquid Imports Total
‘ ‘ ‘ (Short tons, Raw Value)

1935 b, Lkl , 129 10,183 1,478,660 614,628 . . 86,028 6,633,928 49,758 6,683,686

1936 b, 453,878 1,032 1,364,847 719,138 - 157,300 ‘ 6,706,195 69,560 6,775,755

1937 k,6k0,636 13,946 1,245,498 615,432 155,890 6,671,402 38,733 6,710,135

1938 bL,529,L417 10,480 1,448,865 562,652 91,839 6,613,253 38,783 6,682,036

1939 k,336,618 6,176 1,810,456 572,807 1,ké1 6,857,518 42,146 6,909,664 1
. 1940 li,5k0,582 1,779 1,551,518 693,917 96,872 6,890,668 38,633 6,929,301 .

1941 5,253,848 193,917 8,573 1,952,597  56L,0hLk '96,478 8,069,457 39,140 8,108,597 -

k2 3,132,335 153,Lk2 5,587 1,648,377 L51,609 74,854 5,466, 20k 3,481 3/ 5,469,685 3/ o

1943 3,966,315 205,1khk 15,196 1,508,618  L9),101 123,817 6,313,191 58,771 3/ 6,371,962 3/ '

9kl 5,026,122 267,830 9,875 1,155,624 522,931 . 16h,968 7,147,350 65,u9h 3/ 7,212,84L 3/

w945 4,170,028 265,897 5,021 1,042,283 158,533 98,2LL 6,000,006 - 6,0L0,006

1946 3,366,854 2L5,L31° 3,939 1,376,045 L80,150 148,289 5,620,708 - 5,620,708
1947 L,9h5,L3k 0 299,521 9,025 1,545,066 532,866 115,922 7,447,834 - 7,Lh7,83L

948 L,710,052 369,281 2,343 1,655,846 511,693 97,755 7,342,971 18,106 7,365,192

19h9 2/5,068,383 374,587 2,212 1,485,905  51k4,L30 13k4,708 7,580,225 32,476 7,612,701

1950 £/5,386,361 479,918 2,635 1,746,382 553,838 10L,398 8,273,531 39,386 8,312,927

1/ Published sugar distribution figures (see Table 42) less exports plus imports of liquid sugar. Includes deliveries
for use by U. S. Expeditionary Forces and excludes deliveries for liberated areas, lend-lease and military relief.
1935-40 A1l exports subtracted from refiners! refined crystelline.
1941-l49 Export figures, available by type of primary distributor, subtracted from refined crystalline figures for each
category. ‘ - ‘ ‘

2/ Preliminary

z/ Includes an estimated quantity of liquid sugar imported as flavered and colored sirups from Mexico and Cuba.

.



Table b, - Domestic Cane and Beet Sugar Distribution by Primary Distributors and Liguid Sugar Imports, United States, 1935-1950 1/

(100-1bs units, as produced)

Mainland Cane Total
o Refinerst Importers! Plantation, Crystalline Liquid
Refined ‘ Beet Refined and Granulated, & Domestically- Sugar
Year Crystalline Liquid Raws Processors Raws Turbinados Raws etce Produced liquid JImports Total
‘ (100-1b. units, as produced)

1935 811,067,560 203,660 = 27,638,500 11,509,888 1,626,238 125,045,846 941,201 125,987,047
1936 8, 2h6,280 220,60 25,511,160 13,h67,004 2,973,53h 126,118,618 1,315,743 127,73h,361
1937 87,799,380 278,920 23,280,340 11,52l,9hk 2,946,881 125,830,465 732,820 126,563,285
1938 85, 51,400 209,600 27,081,580 10, 536,55k 1,736,087 125,105,221 732,52 125,837,673
1939 81,803,000 123,520  33,8L40,300 10,726,723 275,308 2,398,058 129,166,909 795,025  129,961,93kL
1940 85,532,160 155,580 29,000,340 257,778  12,729,L96- 335,067 1,504,578  129,51L,999 727,7Th0  130,2k2,739
1041 98,846,655 3,618,378 171,h60 36,497,140 1439,7uk 10,131,907~ 517,988 1,325,430 151,578, 702 736,395 152,315,097
1942  58,887,9h2 2,88h,718 111,700 30,810,785 399,671 8,068,995~ 8h,192 1,326,661 102,57, 04 65,449 3/102,6L0,153 3/
1043 Tho603,313 3,858,610 303,920 28,198,467 5u7,029  8,72h,287- 242,296 2,097,691 118,575,613 1,105,429 3/119,681,042 3/
o4, 91,098,258 5,01L,267 197,500 21,600,419 198,660 9,588,750~ 252,831 2,860,594 133,811,309 1,226,163 3/135,037,472 3/
1945 77,L96,850  I1,9l1,495 100,h20 19,481,925 130,556  8,LL8, 706~ 219,56k 1,638,803 112,458,319 - 112,458,319
1946 62,931,850 L,587,501 8,780 25,720,467 118,2L9  8,86l,262- 83,0L0 2,706,798  105,090,9L7 - 105,090,947
19L7 92,438,019 5,598,526 180,500  28,879,7M0 1LT7,885 9,821,899~ 97,527 2,085,358 139,249,h5h - 139,2L49,454
1948 88,038.355 6,902,451  L6,860 30,950,393 325,818 9,259,872~ 66,669 1,773,174 137,363,592 338,421 137,702,013
1949 94,736,131  7,001,62  LL,2L0 27,773,925 100,609  9,2L1,1kh- 312,318  2,236,L468 111,746,k5% 607,031 142,353,490
1950 2/100,679,6L5 8,970,423 52,700  32,6l2,6k2 18,603  9,957,k8k~ 279,160  1,698,L00 154,699,057 746,516 155,445,573

2/ Preliminary

Published sugar distribution figures less exports plus imports of liquid sugar. Includes deliveries for use by U.S. Expeditionary
Forces and excludes deliveries for liberated areas, lend-lease and military relief, '
1935-40 ~ A1l exports subtracted from refiners' refined crystalline.
1941-49 - Export figures, available by type of primary distributor,

2/ Includes an estimated quantity of liquid sugar imported as flavored and colored sirups from Mexico and Cuba.

subtracted from refined crystalline figures for each category.

= 1ie =



Table 45, -

Source:

Conversion factors for converting reflned sugar

to raw value l , 1935=50

1935-36

1937

1938
1939
1940
1941
1042
1943
1944
1945

19461950

Sugar Branch, PMA.

1,067,347

1,057,100

1,059,000

1,060,259

1,061,725

1,063,030
1,063,829

1,063,308

1,068,271
1,076,180

1,070,000

(1,07 for exports)

1/ Representing the relationship between meltings of rew suger

and production of refined sugar.



- Table 46.--Total Estimated Civilian Usags “vf Sugar, United States s 1935=50
(Thousands of 100-lb. units, as produced)

o Total sugar available far Daliveries to ‘Tot,al‘sugar available Net change in Total estimated

Year danestic and military use armed forces for civilian use © invisibles civilian con-
‘ : ‘ S B sumption
1935 125,990 - 125,990 # 260 125,730
11936 127,730 - 27,730 0 =280 - 128,010
1937 126,560 - 126,560 £ 150 | 126,410
1938 125,840 - 125,840 - 350 | 126,190
1939 - 129,960 - 129,960 £ 3,760 | 126 200
1940 130,240 - 130,240 £ 4,970 125,270
1941 152,320 | 1,79 150,530 4 11,330 139,200
1942 102,640 | - 4,180 98,460 = 20,150 118,610
1943 119,680 ‘ 5,860 | 113,820 = § 1,030 112,790
1944 135,040 | 8,620 126,420 4 260 126,160
1945 112,460 8,330 104,130 - 1,140 105,270
1946 © 105,090 650 L 104,440 - - 130 | 104,570
1947 - 139,250 f 1,090 | 138,160 f 6,640 131,520
1948 137,700 1,400 136,300 - 4,170 141,160
1949 142,350 1,080 141,310 - 2,090 143,440
1950 4/ 155,450 1,210 154,240 £ 7,480 | 146,760

- g12 =

-y Sdnice: Table 44.
| 2/ Sources U .S.D.A. |
| 3_/ Sourco: Est.:lmates of Sugar Branch, P I.A.

4/ Prolininary



Ta.bla h?. - Su g D:Lstrltmtion and Estmated Usa_ge, Umted

"(Thousands of 100 pound units s as produced

States, 193;. 937, 193950

TOTAL ESTIMATED CI'‘TLIAN USAGE /125, 730-126,41026,

1/ See Table hb,
2/ Preliminary. .

200-125,270-139,200-118,610-112, 790

126,160-105,270

Industrial Usage 1935 1937 1939 Wk 19l ;ng ‘yyg_ ‘ Ql_;_h Ql_xﬁ ;1_‘2_‘1_;_6_‘ 947 948 19k9  1950~‘
| ﬁif:gsaggd%eﬁ:f;fgﬁ:é 11,50012,700 13,280 13,83 1,670 12,000 13,830 1,020 1390 W10 16,920 18,800 19,460 “19,1‘;60
Confectimery and related P | ‘ o o ‘ K :
products - 10,370 10,750 10,900 11,870 13,360 11,680 11,960 13,740 12,520 11,310 12,990 13,540 14,030 1h,690
Ice cream and dairy products 2,520 3,180 3,360 3,700 1,390 3,830 4,300 5,05 5,980 6,820 6,35 5,990 5,710 5,710
‘Beverages 1,580 6,450 9,250 10,000 12,800 11,780 12,800 13,460 11,780 12,210 15,330 17,210 17,020 17,020
Canned, bottled, frozen foods; | - - o | - ‘ |
Jams, jellies, preserves, etc, b,h90 5,980 6,260 7,010 7,850 7,380 8,790 11,310 9,250  11,k00 11,590 12,720 12,250‘ 13,280
Multiple and all other food uses i,31o 2,060 2,190 2,6ju 3,000 3,150 3,230 3,080 2,l30 2,710 3,650 3,930 4,300 L,l90
Non-food products - 560 560 560 750 1,130 600 1,090 650 1450 280 430 L70 750 750
TOTAL niDUSTRIAL USE 35,330 11,680 45,700 49,810 57,200 51,320 56,000 61,500 56,800‘ 58,870 67,260 73,060 73,520 75,!400‘
HOTELS, RESTAURANTS, INSTITUTIONS 8,00 8,040 8,040 8,410 9,630 7,80 7,200 9,350 9,350 8,220 10,280 11,220 12,630 12,610
HOME USE ‘ 82,360 76,690 72,60 67,050 72,370 59,810 19,590 = 55,310 3?),120‘ 37,480 53,980 56,880 57,290 58,750

101, 570331, 520-111,160-143,1110-146, 760

2/ |

-f'{a-
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‘l‘able 48qmeIndustrial Consumptzon of Sugar by Major Classes, Reported and Adjusted

(thousands of 100-pound units, as produced)

Total

‘ _/ For indlndual 1ndnstries :.nc] wded in each class, see appendix Table 49,

2/ Excludes sugar used in dec =ert preparations.

=/ Excludes svgar uvsed in ice cream, which was not reported.

: 1850 1949 T 1sa7 : 1939 T 1987
Class 1/ :Deliveries : Deliveries : Census : Census : sCensus
: :by type of Adjusted: by type of Adjusted: of Adjusted: of Adjusted: of Adjusted
: buyer :  buyer : mfrs. : mfrs. : nfrs.
‘ Bai‘cery and allied px‘_-éducts 12,724 18,460 12,116 19,460 11,391 2/ 16,520 11, '751./ 13,180 10,282-/ 12,700
Confe‘ct.ionéry and related products 14,5}77‘ 14,690 12,791 14,030 12,628 12,990 10,271 10,900 10,417 10,750
Ice cream and dairy j:roducts "+ 5,074 5,’716 4,446 5,710 6,361 6,350 3,272 3,360 1,554§/ 3,180
beverages | 15,116 17,020 14,265 17,020 14,927 = 15,330 9,163 9,250 6,356 6,450
Canned, bottled frozen foods . 11,010 13,280 8,857 12,250 10,089 11,590 5,990 6,260 6,026 5,980
mlt:.ple and all ofher food uses 4,993 4,490 ‘ 4,015 4,200 - 3,650 2,80911./ 2,190 1,8985./ 2,060
‘ . i 1
Nnn—food products 780 750 737 750 - 430 3985/ 560 3875/ 560 )
‘ ‘ . =
64,074 75 5400 57,227 73,520 55,397 67,260 43,654 45,700 36,720 41,680 ‘:"

in 1947 and 1937, elso excludes sugar used in grain mill products.

- 5/ For 193¢ includes meat products and miscellaneous food preperations (except flavoring extracts and flavoring sirups).
‘ ‘For 1937 inclvdes flour and other grain mill products and miscenmmus £ od preparations (except flavoring
extracts ard flavoring sirupse)

5/ ’I‘o baceo only.



Clags Sugar Deliveries by Type of Buyer
(reported by primary distributors

3

-

Table 49,.--Classification of Industrial Users of Sugar

~ (Census of Mamfactures: 1947, and OPA Registration of Industrial Users Regrouped to Conform with

Classification used in Sugar Deliveries by Type of Buyer)

to U. S. Dept, of Agriculture)
kery and allied produc

mixes and betters, bekers' supply

houses, breakfast and other prepared
cereals and cereal paste products.

¢ Bread,
rolls, sweet goods, dessert prepars-
~ tions, doughmuts, biscuits, crackers,
cookies, pretzels, crullers, beking

Census of Mamifactures: 1947

BAKERY PRODUCTS: Bread and
other bakery products; (except
biscuits, crackers, and
pretzels); biscuits, crackers,
and pretzels,

GRAIN MILL PRODUCTS: Flour

and meal; prepared animal feeds;
cereal preparetions; rice
cleaning and polishing; blended
and prepared flour.

MISCELLANECUS FOOD PREPARATIONS:
Food preperations not elsewhere
claggifieds "Desserts (ready to
mix)" and "Bakers Supplies"

Office of Price Administration
Registration of Industrial Users-]-‘/

R-1200 classes 1, 2, 3: Bread
and other bskery products, baking
mixes, including batters, break-
fast cereals; and cereal peste
products such as spaghetti and
macaroni,

t ry and related uct.
Candy, candled fruits, and other
confectionery products, chocolate
and cocoa products, chewing gum,
confectioners' supply houses.

CONFECTIONERY AND RELATED
PRODUCTS: Confectionery
products, chocolate and cocom
products; chewing gum,

MISCELIANEOUS FOOD PREPARATIONS:
Food preparations not elsewhere
classified: ®Confectioners
supplies.*

R«1200 class 9s Candy; chocolate;
cocoa; chewing gum,

- 912 -



Table 49.--Classification of Industrial Users of Sugar - contd.

= 412 =~

Class Sugar Deliveries by Type of Buyer Census of Mamufactures: 1947 Office of Price Administration

No. (reported by primary distributors Registration of Industrial Usersl/
to U. S. Dept. of Agriculture) ‘ : ‘ -

3 Ice creem and deiry products: Ice DAIRY PRODUCTS: Cresmery butter; R-1200 class 4: Ice cream; ices;
cream, ice cream mix, ices, sher- natural cheese, concentrated sherbets, frozen custards; and
bete, frozen custard, sweetened ‘milk; ice cream; special dairy mixes used for these purposes.
condensed milk (bulk and case goods), products; plastic creem and :
creamery butter, cheese and cheese bulk products. R-1200 class 5 (in pert): Con-
spreads, chocolate milk, miscella- densed milk in containers of
necus dairy products. one gallon or less; cheese;

‘ othker dairy products not in-
cluded in other items. (Frozer
eggs and sugared egg yolks ex~-
cluded,) Bulk sweetened con-
densed milk not reported on
R-1200.

4 Beveragess Alcoholic and non- BEVERAGES: Bottled soft R-1200 class 6 (in pert):

alcoholic beverages, drink
mixes, fountain sirups, flavor-
ing and coloring extracts.

drinks, malt liquors; malt;
wines and brendy; distilled
liquors except brandy,

MISCELLANEOUS FOOD PREPARATIONS:
Flavorings; flavoring extracts,
sirups and fruit juices n.e.c.
for soda fountain use or for
the manufacture of soft drinks,
and colors for bakers' and con-
fectioners' use,

Bottled beverages (alcoholic
and non-alcoholic); flavoring
and coloring extracts;
fountain sirups; drink mixes;
brandied fruits; maraschino
cherries; fountain fruits.
(Pickled fruits and vegetables,
and relishes excluded.




o
b
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Sugar Deliveries

'I‘able 49.--C]essification of Industrinl Users of Sugar - contd.‘

- 812 -

Deliveries to buyers making products

falling into two or more of the
above categories and for which

“estimates of amounts going into

each category are not feasible.
Also deliveries for miscellaneous
food uses, such as meat curing,
sirup blending, etc.

‘Leavening compounds, shorten-

ing and cooking oils, oleomar-
garine, corn products. Vinegar
and cider, manufactured ice,
macaroni and spaghetti, liquid,
frozen, and dried eggs, food
preparations not elsewhere
classified (excluding "desserts,
ready to mix," "bekers' and
confectioners! supplies,"
"flavoring extracts and other
flavoring agents n.e.c.") 2/

MEAT PRODUCTS: Meat packing,
wholesale; prepared meats;
poultry dressing, wholesale,

_of Buyer “ Census of Mamfactures: 1%7 ‘Office of Price Administratlon ;
No. (reported by primary distributors ‘ Regietration of Industrial Usera-/ ‘
e to u. S. Dept of Agriculture) R
5 Canned bottled and frozen foods,f CANNED AND PRESERVED FOODS: cmne‘a," b'otuea,‘ frezen‘end\p:re-
Jems, jellies , preserves, otc.; Canned sea food; cured fish; served foods not reported on
Canned, frozen, bottled and dried canning and preserving, R-1200 except for items listed
fruites, vegetables, fruit juices, except fish; dehydrated below. ‘
vegetable juices, soups, soup fruits and vegetables, - 1a . dra
mixes, baked beans, pickled fruits  pickles and sauces; frozen R-1200 class 11 Dehy ted and
‘ dried soup and soup mixes.
and vegetables, relishes, vegetable foods.
sauces, and seasoning, jams, ! - R-1200 class 6 (in P“t) P:\ckled‘
fruit butters, mayonmise, ani R-].ZOO class 7. Mayon-naiae afﬂ
‘ condiments. ‘ salad dreesing.‘
Multiple and all other“ food ueee: MISCELLANEQUS FOOL PREPARATIONS: R-1200 class 12: Canred and

bottled foods (not reported in
other items); table sirups.

R=1200 class 5 (in pert): Frozen
eggs and sugared egg yolks.

R=1200 class 8: Procducts fried
in fat (except bekery products)
such as mts, potato chips.

R-1200 class 10: Ssndwiches.

R-1200 class 16: 411 other
classes; food. ‘

Meat packing not reported on
R=1200




Table 49. - Classification of Industrial Users of Sugar - combde

Class Sugar Deliveries by Type of Buyer Census of Manufactures: 1947 Office of Price Administration
No. (reported by primary distributors Registration of Industrial Users
‘ - to U, 8. Depte of Agriculture)
7  Non-food uses: All non-food uses, TOBACCO MANUFACTURERS GROUP: - R=-1200 class 13: Experimental,
‘ such as tobaoco, pharmaceutical ‘ Cigarettes; cigars; chewing educational.
etc. A and smoking tobacco;
o ‘ tobacco stemming end redryinge. R-1200 class 14: Pharmaceuticals
(internal).

R-1200 class 15: Pharmaceuticals
(external)e.

R-1200 c¢lass 17: All other
classes: non-food.

- 612 =

l/ ORA Form R-1200, issued pursuant to Ration Orders 3, 13, end 16. (Form approved Budget Bureau
No. OB-R 719) ‘

3/'For datalled list of industrles and products covered by the Census under "Food preparations
n.e.c. ~ See p. 198.
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Table (9,-~Classification of Industrial Users of Sugar - contd.

CENSUS MANUFACTURES: 1947
Food Preparations, Not Elsewhere Classified

- (Part of Standard Industrial Classification No. 2099, excluding
- processed eggs, mincemeat, and sandwich sproad.$

Baked beans (not canned)
Bekers', confectioners', and household supplies, including

Chili pepper and powder
Cocomut, desiccated or shredded
Marzhmallow creme

Ple end ~ake fillings

Gugar, powdered

Bonillon cuber
Brown bread (canned Boston and other)

Chocolate and cocoa, instant

Desserts (ready to mix)

"Health foods"

Ice~cream cones and wafers

Italian, Spanish, Mexican, and Chinese cakes and other

"native" preparations

Meat piles
Molegses (mixed or blended)

Peamt products (except peamut candy and salted peamts)
Pectin

Potato chips

Ravioli

Spices and meat seasoning
Sweetening sirups, including honey, maple sirup, and sorghum

Eetablishments primarily engaged in romsting coffee (except
coffee roasting dons by wholesals grocers)
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Table 50.--Estimated Sugar Usage by Industrial Users and by Householders
and Institutions, in Thousands of 100-pound Units and as & Percent
of Total Sugar Available for Domestic Civilian Conaumption,
United Statas, 1935, 1937, 1939-50

Total sugar

SUGAR USAGE BY: 3
' : : : H availsble for
Year Houssholders and s - Industrial s domestic
ingstitutions users : civilian
3 : consumption

(Thousands of “(Percent (Thousards of (Percent (Thousands of
100-1b. units) of total) 100-1b. units) of Total) 100=1b. units)

1935 90,400 71,9 35,330 28,1 125,730
1937 84,730 67.0 41,680 , 33.0 126,410
1939 80,500 63.8 45,700 36,2 ’ ;126,200 :
1940 75,460  60.2 49,810 39.8 125,270

1941 82,000  58.9 57,200 411 139,200
1942 67,290 56,7 51,320 43.3 118,610

1943 56,790  50.4 56,000 49.6 112,790

1944 64,660 513 61,500 48.7 126,160
1945 48470 460 56,800 540 105,270
1946 45,700 437 58,870 56,3 104,570
1947 64,260 489 67,20  S5L1 131,52
1948 68,100  48.2 73,060 51,8 141,160
1949 69,920 , 48.7 73,520 51.3 143,440

1950 1/ 71,360  48.7 75,400 51.3 146,760

- Sourcs: See-table 47,
_J_-/ Preliminary.



Table 51 - Index of Industrial Usage of Sugar, by Category of Industry, United States, 1935, 1937, 1939-50
‘ ‘ o (1935-39 = 100)

——

Product or Business of Buyér ‘ 11935 1937 193‘9‘ 940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950

 Bakery and Allied Products; . o ‘
cereals and cereal products 92,3 © 10L.9° 105.8 111.0 117.7  103.,5 111.0 114.0 @ 115.5 113.2 135.8 150.9 = 156,2. 156.2

Confectionery and related

97.2 100.7 102,1 111,2 125.2  109.hL 112.1 128.7 117.3 | 106.0 121.7 130.6 13L.h 137.6

" products
Tde cresm snd.daify products 83.i 105.3 111,3 123.8 LS.k 126,8 k2 167.2 198.0 225.8 210.3 198.3 189.1 189.1
Beverages ERERRIE R 67.8 95 136.8 147.9 189.3  17h.3  189.3  199.1 17h.3 181.1 226.8 25h.6 251.8 251.8

' Canned, bottled, frozen foods; , : ‘ . :
Jems, jellies, preserves, etc. ~  80.5 107,2 112.3 125.7 140.8 . 132.3 157.6 . 202,8 165,9 -~ 20h.h 207.8 228.1 219,7 ~ 238.1

‘Multiple‘ and all other food uses ' 70,7 111.1 118.2 1ho‘.8 161.9 170.0 17h.3  166.2 131.1 - 1k6.2 - 196.,9 212.1 232.0  242.3

Non-food products 100.0  100.0  100.0  133.9 201.8 107.1 k6 116,31 80.L. 50,0 T76.8  83.9 133.9 133.9

TOTAL INDUSTRIAL USAGE | 864 101.9 1117 121.8 139.8 125.5 136.9 150.3 138.9 1L3.9 16k 178.6 179.7 18k.3

Source: Table 4T7.
1/ Preliminary.

- 222 =



Table 52..

Product or Business of Buyer

Bakery and allied products;
cereal and cereal products

‘Confectionery énd related
products L

Ice cream and
dairy products

Beverages

Canned, bottled, frozen foodss
Jjams, jellies, preserves, etc.

Multiple and a2ll other products

Nor—food products

TOTAL DOMESTIC

United States, 1935 - 1942

Industrial Usage of ;Dextrose,‘ by Category of Industry “

(100 1b. units, as produced)

w5 % BR LR ¥ Lo B bk
1,i62,h36 i,h72,327 1,550‘,“830 1,605,162 1,816,1LL 2,118,635 2,726,159 3,045,124 |
161,611 221,648 ‘230;623 ‘1237;92\'8 ‘269;,5&1; | “268,871“” 3‘11,39‘1“‘ 6511125
| ‘93‘,:623‘ | 121,263 ; “.160‘,‘1189 | 17?-,251 183;7‘01; “185‘,179“ 27‘0,316”‘3 277,168
140,120 ;69,071 263,228 337,319 | 392‘,1;211 LhS, 10k 6‘72,186: 913,3§3 ‘
15, 76l éo,éss T, Th2 1‘31,977 | 365;730 385,619 ‘8:5'%5,752  ' 86(‘),‘269‘
27,471 LL,139 79,287 68,555 87,809 _ 117,50 10,851 179,663
53,075 68,675 ‘ 8&;h0‘1 73,834 | 90,300 93575 17&,299 159,775
1,683,494 2,157,720 2,443,600 2,667‘,356 3,205,911 3,61l,60l 5,15&,95& ‘6,089,5‘17

Source: Reports of dextrose manufacturers to Sugar Branch, PMA.

- @22 =



 Table 93

ey

maustrial ‘Usage of Dextrose, by Cat,evory of Industry,
, United States, 1943 - 1950 ‘

(100 1b. units, as produced)

oduct or Bus:Lness of Buyer 1913 19L) 1945 1946 1947 1948 1649 1950
iekewr and all:.ed products; ‘ ‘ o | ‘ o , o
ce*eds and cereal products 3,139,357 3,052,280 2,867,6h3 . 2,58L,073 3,569,392 3,503,862 3,650,096  L,204,953
»,-onfectlonex‘} and related ‘ . ‘ ‘ ‘ ‘
praducts | 521,077 _ 480,103 u3ﬁ,&39 552,213 bis7,262 290,427 290,928 322,869
Ice cream and C ‘ et ‘ ‘ T
dairy products 263,hol 238,702 221,459 257,593 2l1,971 289,094 28,008 279,388
Beverages aus,asz‘ 719,871 986,948 1,206,525 1,050,295 _ 677,025 771,000 _ 835,186
Ca.nned, bottled, frozen foéds; o : : o » a ‘ ‘ -
jams, jellies, preserves, etc. ‘ 6921715 . 578,201 662,630 ‘ 498,883 547,501 721,909 822,869 793,312
Multiple and all other products 2‘12,12_,6_“ 195,473 ‘21’4,8_85 185,145 237,103 296,246 321,069 116,721
Non-food products 266,315- _ 27h,18L _ 270,758 283,207 335,313 3h2;901 322,681 _ 134,895
TOTAL DOMESTIC 5,9h0,626 5,538,81L 5,682,762 5,567,669  6,L28,897 6,121,L6L 6,462,651  7,287,32L

[V

surce: Reports of dextrose manufacturers to Sugar Branch, PHA.
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. ‘ v Table Sk

‘Droduct or Business of Buyer

' Bakery and allled products-
cnreals and cereal products

Co1fectlonery and related
products

Ice cream and dairy
products

. Beverages

 Canned, bottled, frozen foods,
jams, jellies, preserves, etc.

Multiple and all other
products

lon~food products

TCTAL DOMESTIC

Source: Table 52,

Index of Industrial Usage of Dextrose, by
United States, 1935 - 1942

Category of Industry,

1936

(1935-39 =

1937

100)
1938

106.5

B39 ko
19,1 138.9
120.3 120.0

125.6  126.6
150.7 179.9
261,7 27549
1h3.0 191,2
122,0 126.3
131.9 11.8.6

1941 19L2
178.3 199.6
138.9 292.0
184.8 189.5
258.1 350.7
612,2 615.5
2L5.4 292.3
235.3 215.7
212.0 250.1

- Gg¢ -~



' Table 55

 Product or Business of Buyer

‘Bakery and allied products;
cereals and cereal products

‘Confectionery and related

o gyocucfo

Ice cream and dalry
producbs

ﬁeverages
i e

Canned, bottled, frozen foods,
Jems, jellies, preserves, etc.

Multiple and all other
products

Non-food products

- TOTAL DOMESTIC

Sources Table 53.

Index of Industrlal Usage of DextrOSe, by Category of Industry,

United States, 1943 - 1950

1913 190k
205.8 2001
232, 214.2
180.1 163.2
L95.6 113,
345.2 318.0
359.5  3710.2
2bk,3 2217.8

(193539 = 100)

195

1946

276.0

-

BT k8
23L.0 230.0
199.5 129.6
165.4 197.7
103.3 260.0
391.7 516.5
385.7 481.9
452.8 162.9
26L.UL 251.7

1949 19%
239.3 275.6
129.8 1ki.0
19k.2 191.0
296.0 320.7
588.7 567.6
522.3 677.9
L35.6 587.1
265.8 299.7
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Table Sé.——Industnal ‘anrfe oi‘ Corn Slrup Unmixed, by Category of Irﬂustry, Uni ted States, 1935—-191.12

(100-1b, units, as produced)

Product or Business of Buyer 19‘35: 1936 1937 1938 1939 1940 941 } 19)42_‘
Bakery and allied produets, | . . - S : S L . o |
cerezls ard cersal products h71,3k0 573,989 = 549,818 560,046 579,846 - 579,856 677,612 2,156,108
Confectionery and related ‘ ‘ I o ‘ . ‘ R R

- products ok 72L, 277 5,646,519 5,587,31h 5,605,985 5,670,616  5,9L6,972 6 ke, 351_ 7,7k, 768
‘Toe creem and dairy produwets 8,131 9,270 9,997 10,842 ,h56 23,767 38,833 915,321

- Breweriec and brewery supply ‘ ‘ X T ‘ i ‘ S o |
houses 102,926 52,668 119,637 332,941 286,680 243,279 280,790 287,028
Soft drinks , ‘  na.  n.a. Nede g, n.a.  n.a. 23,/ 322,469
Canned, boit.led, frozen fc)ods, ‘ ‘ ‘ ‘ e ‘ —
jams, jelllesL preserves, etc. 178,818 212,599 175,070 154,558 151,610 178,599 216,966 517,238
Blended sirups‘ | 2,641,180 3,663,082 2,650,072 3,063,357 3,376,480 3,057,172 3,531,7h2 6,806,852
lecellaneous food products 2/ 28L,331 305,720 303,3kL 295,601 339,266 338 Olh 378,013 '577,1}10
won-fooa products 2/ 113,816 h58,L00 392,091 380,352 __L55,232 h59,12h 538,902 791;897
TOTAL DOMESTIC 9,120,820 11,222,246 10,087,343 10,403,66l 10,874,186 10,626,763 12,159,Lh3 20,118,821

| TOTAL DOMESTIC, DRY BASIS 3/ 7,327,230  9,011,L6h 8,100,136 8,35h,1k2 8,731,971 8,693,907 9,764,033 16,155,413

1/ Total of last three months of 15hl.

2/ 1935-h2 estimated.

3/ Based on 43° sirups with average solids content of 80,3 percent.

neite — not avaiiable

Sources

Computed Sugar Branch, PMA.

Reports of Corn Refiners to Price Waterhousej distributed thrbugh Grain Branch, PMA.
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Product or Pusiness of Buyer

Bakery‘ahd‘allied‘products,
- cereals and cereal products

Confectionery and related
products

Ice cream and dairy products

' Breweries and brewery supply
~houses "

Soft drinks

Camned, bottled, frozen foods,
Jams, jellies, preserves, etc.

Blended sirups

Miscellaneous food products 1/

Non=-food products l/

TOTAL DOMESTIC

TOTAL DOMESTIC, DRY BASIS 2/

Source: Reports of Corn Refiners to Price - Waterhouse; distributed through Grain Branch, PMA.

1/ 19L3=hY estimated.

2/ Based on 43° sirups with average solids content of 80.3 percent.

Indﬁstrial‘Usagé‘of‘Corn‘Sirhp Unmixed, by Category

Table 57
'of Industry, United States, 1943-1950
(100 1b. units, as produced) .
943 19k 1945 Wk 19k7 1948 1949 1950
1,739,380 1,615,346 1,666,610 1,555,248 1,592,150 1,010,171 1,006,983 1,057,6l2
7,785,632 7,894,563 7,716,186 7,556,294 8,189,321 7,045,506 7,221,207 7,596,513
_ 515,L99 595,903 743,162 593,225‘ 562,143 305,22l 31”1,631‘ 323,1041‘
318,713 376,815 _ 37h,161 __ 271,876 359,752 327,770 429,75 371,989
56,551 61,853 83,256 162,180 77,195 1,887 _ 5,l23 18,061
526,633 666,528 _ 8L2,587 _ 9kk,500 _1,105,1M8 625,329 697,359 __ 990,9uz
5,900,130 5,925,972 5,910,993  5,554,80L 6,158,026 2,721,866 3,139,903 3,229,063
Lh5,385 119,500 120,917 510,532 577,355 377,929 168, L6l: 730,336
612,671 508,009 479,508  L58,025 471,003 129,517 132,112 519,758
17,900,594 18,06k,189 18,267,380 17,606,68L 19,392,133 = 12,945,199 13,712,557 . 1L,8L0,9L5
14,374,177 14,905,785 1,668,706 ‘1hJ1‘38,167‘ 15,571,883 10,394,995 11,011,183 11,917,279

Computed Sugar Branch, PMA.
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Table 584 = Index of Industrial Usage of Corn Sirup Unmixed, by Category of Industry
United States, 1935-1942

. Product or Business of Buyer

(1935-39 = 100)

1935 1936 1937 1938 193 1940

“ Bakery and allied products, C ‘
cereals and cereal products 86.18 104,93 100,51 102.38 106,00 106.01
Confectionery and related
products B 86. 7!1 103 .66 102 ° 58 102 092 10;4.11 109 018
Ice cream and
dairy products 77415 87.96 94,86 102.87 137.16 225,51
Breweries and brewery supply ‘
houses 106.32 119.45 110,73 87.85 75.65 611,20
Soﬁ; drinks ‘  NeBe Nede N.ae Nede Nede NeBe
Canned, bottled, frozen foods,
‘Jams, jellies, prescrves, etc. 102,46 121,81 100.31 88,56 86.87 102.33
Blended sirups 86.35 116,48  B6.6k 100,15 110,38  _99.95
Miscellaneous food products 93.02 ‘10(‘).02 9942l 96,71 110,10 110.59
Non-food products 98453 109.15 93,36 90,56 108,39 109,32
TOTAL DOMESTIC 88423 108451 97453 100459 105,14 10L.68

Source: Table 56

‘n“.a‘. - not available,

o 19k
123.88 39h.16
119.27 142,19
368,46  868L.91

7he09 75.7h

Nede Nede
12431 296436
15,16 222,53
123.67 188.82
128,32 188.55
117.57 19L.53
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. Table 59. = Index ‘o‘f Industrial Usage of Corn Sirup Unmixed, by Category of Industry
United States, 1943-1950

(1935-39 = 100)

~ Product or Business of Buyer 1943 194k 1945 96 1947 1948 1949 1950
‘Bakery and allied products; - :
cereals and cereal prOductﬂ 371.98 295.31 30ho68 28’4.32 291007 182.]..67 18)4009 193035
‘Confectionery and related
products 12,94 )94 141.66 138,73 150435 131,18 132,57 139.46
- Ice cream and ‘ : ‘
‘dairy products 4891.,25  5654.16  7051.h1  5628.75  5333.83 = 2896.08  2956.88  3068.93
Breweries and brewery supply
houses ‘ - 8L.10 994143 98.73 Tla7h 94493 86,19 113.33 98.95
Soft drinks ‘ Nede Neae Neae n.a. Neae Neae Nede n.a.
Carned, bottled, frozen foods, ‘
Jams, jellies, preserves, etc. 301.7h  _381.90 182,77 S41.17 633.21 358429 399.56 56777
Blended sirups 192.89 193.73  _19h.22 181,60  _211.13 88,98 102,65 _105.56
Miscellaneous food products 145,72 137425 137.71 167.03 188.89 123.65 153427 238.94
Non-food products 145.88 120,96 114.71 109.06 112,16 102,27 102,89 123,76
 TOTAL DOMESTIC 173,08  _17he66 176,63  _170.2k 187,50 _125.16 132,58 _1l3.50

Source: Table 57

n.a. - not available,
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Table 60, - Industnal Usage of Pr:!.nary Sweeteners and Indindual Sweetener Usage as a Percent

of Total Industry Usage, United States, 1935-50

Industry Usagg of

1950

TTe3

Source: 1/ Table 47; 2/ Tables 52 and 53; 3/ Tables 56 and 57 4/ Preliminary.

‘ Thousandssgg:%r Pércent", Thousands ofDextrose Percent . Thousandgorgfsmp Pe‘rcenﬁ
Year - 100 111:; uni?s of tot;a; R 100 11;. ‘ynits gg_j_u_l'.a_l 100 1b, unit‘s ‘ M'Eil_
1935 35,330 76.6 1,683 3.6 9,15 19.8
1936 nea ~ 2,158 e w2 —~
” 1937 fhl,éao 7649 2,1y | LS ‘ 10,087 186
1938 | B a. - 2,667 e 10,40k -
1939 - 158,700 76,k 3,206 sl 10,87k 8.2
1940 19,810 7.5 3,615 5.6 10,827 16,9
19l 57,200 B 5,155 7.1 12,15 16,8
191:;2 51,320 662 | 6,089 79 20,119 2549
1543 56,000 70.2 5,911 Tolt 17,900 - N
194k 61,500 72,3 5,539 6.5 18,06L 21,2

1908 56,800 0. 5,663 7.0 18,267 22.6
1946 56,870 7.0 5,568 7.0 17,607 22,0
947 67,260 7243 6,129 6.9 19,392 20,8
1948 73,060 79.3 6,121 6.6 12,915 W
1519 73,520 8.5 6,163 69 13,713 1.6

&/ 755100 | , ‘7“,287 a8 ih,shl ‘15.2‘

Total Incustry

TE.!EE&E.____.
cusands of
100 1b, wnits
146,138
B 80
‘51‘,211 
59,'(80
6l,252
72,51k
77,528
79,811
85,103
80,750
 80,0L3
93,081
92,126
93,696
97,528

182 -
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June 25, 1842

70 THE MEMBERS OF THE TECHNICAL ADVISORY COMMITTEE OF
THE CORN INDUSTRIES RESEARCH FOUNDATICN

" Gentlemenn: ~ Comn Syrup Analysis Report No, 3

The Analysis of Acid—Enzym@VConverted Syruns

Your Sub-Committee on the analysis of corn syrups has collected

and evaluated 2ll of the data on the composition of acid-enzyme converted
“syrups and has agreed upon what it believes %o be & reliable determination
of the constitutenta, The Sub=-Committee submits the following analytiocal
figures on soid~enzyme-converted corn syrups for your approvsl.

TABLE I.

Composition of Acid~Enzyme Converted Corn Syrup
(Dry Substence Basis)

Par Cent Constituent

Dextrose
Equivalent(1l) Dextrose(2) Maltose(3) Higher Sugars(4) Dextrines(5)

61
62
83
64
656
66

(1)
(2)
(3)

(4)

3648 3302 17.2 135.8
36s6 338 16,7 12.9
37.6 3ol 16,1 12,2
38.4 54,8 16,2 1l1.8
368 35660 14,5 11.0
40.6 5642 13.8 10.4

Lane-Eynon Method

‘Sichert-Bleyer Method

In the Sub-Committee's preliminery report, deted April 6, 1942,
the wvalues for maltose ocontent by Hurd's propionylation method -
Burd and Liggett, Je Ame Chem., Soc. 63, 2659 (1941 - and Centor's
methylation method = Centor end Smith, Ame Chem. Soc. paper,
Sept. 1940 = were reported. These values, which were obteined
with two different samples of syrup, check very well and were
used as the basis for the maltose content in the proposed
analysis,

Higher sugars (lMeltotriose and Maltotetrose) and non-reducing
dextrines account for all the carbohydrate substance other than
dextrose and maltose. The content of higher sugars found by
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Hurd and Bonner of 17.3% for a syrup containing 36.1% dextrose
and 33.4% maltose agrees very well with the estimated dextrine
content, and the higher sugar values are based upon this
determination.

(6) Since there was a marked discrepancy between the velues for
dextrines as determined by Hurd and Bonner end by Cantor end
Smith, the research laborstories of the Corn Products Refining
Company end the A. E. Staley Manufacturing Company each analyzed
two samples of acid-enzyme converted syrups. The dextrine con=-
tent was dotermined by a modification of the tentative A.CedsCo
msthod: i

Eight grams of syrup is dissolved in exactly 8 cc of

~ distilled water in & 50 cc round bottom flask end 89 cc

of absolute alcchol is addeds The flock is shaken for
several hours or until the dextrine precipitates leaving

& clear, supernatsnt liquid. The insoluble gumy, white
mass is treated twice again in the same menner. Upon
completion the final alcohol insoluble residue is dissolved
in weter, trensferred to a weighed dish, dried and weighed.
‘The amount of reducible substence in this residue is then
determined by the Lane-Eynon method. The weight of reducing
substance is caloulated as a disaccharide having 50% of the
reducing value of dextrose, and this weight is deducted to
give the dextrine value,

The two sets of analyses veried considerably as to the weight
of precipitated cerbohydrate, but the corrected values were
in egreement that syrup in the 63 = 64 D.E. range contains
approximately 12% dextrine.

The percentages of constituents in Table I have been plotted

- against dextrose equivelent in Figure I, Since the Q/b.E. ratio changes
- somewhat with the brand of enzyme used for the conversion, the dextrose
~ velue is more significant than the dextrose equivalent. Therefore, the
Sub=Committee recommends, that in case of doubt, the analysis of a

perticular syrup be taken from the curves of the ordinate whiqh passas
through the determined dextrose point. '

As in the case of acid-converted syrups, it is recommended that
~ the curves be read to an accuracy of g O0.2% so that the sum of the con=-
stituents adds up to 100%.

The commercial basis analyses can be readily calculated from
the drybsubstance values,

- The sub-committee realizes that the proposed anelysis is not
absolute, but it is accurate within the limits of experimental error of
the best analytical procedures thet have been developed to dates The
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) noteworthy differences between an acid-enzyme-converted syrup and a
straight acid-converted syrup of the same D.E. is that the former 1is
lower in dextrose end dextrine and higher in maltose and higher sugars.
' The total reducing sugaer content of acid-enzyme-converted syrups is in

the range of 87 to 89%. : ,

, Regpé¢tfu11yfsubm1tted

: ,'S. M. Centor
- CORN PRODUCTS REFINING COMPANY

W We Moyer
A. E. STALEY MANUFACTURING COMPANY

Ootober 3, 1941

. TO THE MEMBERS OF THE TECHNICAL ADVISORY COMMITTEE OF THE
CORN INDUSTRIES RESEARCH FGUNDATION :

lGentlemanz,"

In order to reach an agreemant on a temporarily acceptable set of analytical
data for aclid converted sterch products falling in the corn sirup range,

the Sub-Committee con51dering this subject met at Decatur on Seturdey,

' September 20, 1941.

The Sub=Committee oonsidered ell of the available information on corn sirup
~ enalysis and arrived at the follomdng set of figures (Table I) based upon
o the five methods cited below: '

(l) The Sichert-Blayer method for the determination of dsxtrose
‘in the presence of other reducing sugarse (Mbdification of
either Staley or Corn Products). o

(2) The analytical ‘method for sugar mixtures involving the
'~ fractional distillation of their methyl etherss. (Hurd &
Centor, Jo Ame Chems Soce 60, 2677 (1938); Centor and
Smith, presented before the Divxsion of Sugar Chemistry,
AcC.uo, Detroit, Sept. 1940). :

(3) A method similar to (2) excopt involving the use of the
~ propionate esters of the sugerse (Hurd, Gordon and Liggett,
to appear in October, 1941 1ssue of the Journal of the
Americen Chem;cal Scciety) ) ,

(4)'7An omplification of +the statistical method of Froudenberg
o and Kulme (This method involves the sssumption that all
4he bonds in starch will rupture at an equal rate. From
this sssumption cen be celculated the distributiom of
molecular sizes at any point during the hydrolysis.)
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(5) The tentative AcOeAeCe mothod f'or the determination of
) dextrines. (Modified by extending the number of preoipi- :

tationa from one to three).

'TABLE i

‘Dextrose — Percent Constituents()

ggttx_ival?ent qut:-ose' ‘Maltose H;lgher Su)gLrs(B) Doxtrines
26 8.5 (1) 9.4 (4) f 29,1 (4) 53,0 (4)
30 12.67{1) e R : —
35 1.0 (1) - - S
0 20,3 (1) R T e
42 22,0 (1)(2) 20,8 (2)(§)(4)'2o.2 (2)(4) 37,0 (6)
45 207 (1) e= e em
50 29.5 (1) 25,0 (4) - .

s 55.@*(&) ;- L IR

60 5 (1) 288 (4) | ‘.9'(4) o '23.oj(4)

777(,78.7) Numbers in parenthesis e.fter the figures in the"'j

table refer to one or more of the foregoing

' methods by which the point was established. -

= (v) The highéf sﬁgéré refer to the trisaccharide, 7

maltotriose, and the tetrasaccharide, malto=
tetross, which for the most part are not in=-
cluded in the A.O.A.Ce dextrine precipitation
method, but which exert a notable reducing
powers Since there is no familiar general
terminology which includes these two sugars,
+the descriptive phrase "higher sugars" ha.s

, bean chosen. ,

The data in the foregoing table'hava”peen plotted in the attached set of
curves. It will be noted that the renge of dextrose. squivalents takes in

the majority of corn sirup types manufactured by the industrye -

From these

curves three typlcal sirups would have the following ane.lyses (Teble II):
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TABLE 11

CSU ANALYSIS

Carbohydrate Dry Substance Analyses

;Canatituant

Peroent 28 42 . 85
 Dextrose 106 22,0 - 34,8
Maltose 11.5 20.8 2743

Higher Sugars 2842 ' 20,2 - 11.6
Dextrines 49,8 | 37,0 26,3
Commercial Analyses (43° Be Basis)
JMoisture 2045% 19.7 18,9
Dextrose 843 17.6 28.1
¥Maltose 9.1 16.6 22,0
Higher Sugars 22,38 16.2 S.4
Dextrines 3945 29,6 2l.3
Ash 0.3 0.3 063

*Estimateds Unavailable in C,I+ReFs Tables

It is recommended that the curves be read to an acourach of « 042% but
that the sum of the constituents add up to 100%.

It 1s believed that the figures cited here offer a closer approach to

the actual analysis of acid converted sirups than those heretofore avail-
able. The maltose values are considerably lower than those presently
accepted. However, 1t is quite probable that in previous maltose deter-
minations a portion of the sugars referred to as "higher sugars" was
included as maltose.

The Sub-~Committee realizes that in view of this report it will be necessary
to revise the data with respect to enzyme converted sirups and also those
sirups made by the superimposition of enzyme conversion upon acid conversion.
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Tn this raspaat it realizes thet tha maltose values for tils typs of
sirup will bave to be revised upward. Some data on these sirups arc
svailable, and s repo:l le balng propared for submission in the newy
Putures

Reqpectrﬁliy submiﬁted,

- We We Moyer ' :
A, E. STALEY MDFA&;TUI&E&G E‘OMPMH ,

Se Mo Cantor
OOW PROWCTS REFBWIN& C’OW’ANY

Ootober 3,71941
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 Table 61.-The Freesing Points of Sweetemer Solutions
 Exprepging Concentration as the Percentage of dctual Dry Solids

Percentage , '
, dry solids Freezing point ¢,
Corn Sirup , 420 , - 0.32°
12.44 - 1,02°
167060 = 1.420
20081 . ’ - 10990
24,91 = 245
29,05 - 3.07°
33 020 B - 3.730
Corn Sirup Solids 2,482 - 0.105°
40974 - 002180
9.205 - 0.480°
15,778 - 0,883°
23 0680 - 1.5000
45,380 = 4.020°
Sucrose 2.5 0.13
42 «23
8.0 «50
14.0 .90
20,0 1.50
25.0 2.00
37.5 4,00
Dextrose 4.0 «50
8.0 1.00
12,0 1.50
18,0 2,40

30.0 4,80



Table 62.--Raﬁned Cane Sugar. Average 'holesale price per cit” New Yu‘k, grcaa, hy nantba, 1935-50

L

Scurces Net price reporte
| net cash 10 dayn ’

AEDOER &nd GO,y eamrud ET) grws wice,
§ugdi‘ nﬂmh, PMA.

(Dolhrii)
Tear  Jen, ¥eb, Wer. lor. Way June Jul  bu, Begt, Oot. Woy. bes, . Vear_
1935 430 430 438 497 525 5.25 515 5.0 5.6 530  5.27 4T 495
193 476 465 ATh 500 500 5.00 4B 472 LT 4S8 T2 48O 4D
1937 499 5.00  4uBO 480 4T 46k A0 4SO 5.09 4.8 4T 475 482
1938 475 AWT5 Aeb6  4aSB 465 A4S A3 430 436 4ubh 4S5 4udD  4aST
1939 4o3h 430 4i39 hebd 4SO 4SO A2 4O 5S35 490 40 4ubbd
1940 4a53 4SO 4SO heSO 4SO 4ebb 435 435 435 435 435 436 42
1941 440 445 487 5,10 5.05 5.00 5.05 5.1 5,29 5.25 525 5,25 5.02
1942 5.0 545 5.6 5.60 5.0 5,60 5.60 5,60 5.60 5.60 5.0 5.60  5.56
1903 5.60 5.60 5.0 5.60 5.60 5.60 5.60 5.0 5.60 5.60 5.0 5.60  5.60
1944  5.60 5,60 5.60 5.60 5.60 5.60 5,60 5.60 5.50 5.50 5.50 5.50 5.57
1945  5.50 5.50 5,50 5.50  5.50 5.50 5.50 5,50 5.50 5.50 5.50 5.50 5,50
1946 5.50 5.8 6.00 6,00 6,00 6.02 6,00 6.0 678 7.60 7.7 8,00 6.47
1947 8.9 8.20 8.20 8.25 8.25 8.25 8.25 8.38 840 8.0 8.40  8.40 8.29
1948 821 .82 75 795 760 TS A5 705 145 745 15 05 1.6
1949 7.9 8.00 7.9 8.0 8.02 7.87 7.85 7.85 7.90 805 8.05 805 7.9
195 8.05 7.92 774 TS0 70 7.0 797 8.2 B.25 625 8.5 8.5  8.00

uubjtct 2 poreunt dildonnt,

- 6£2 -



‘Table ‘63.--bext‘roae ?ﬁdrate‘

Average wholesale price per cwt., in bags, New York, gross ’ by months »

1935-50 1/
‘ | o (Dol)ars) - |
Tear — Jan. Feb, Warch Tl Wey  Jum  July  Em. Sept, et Wev. Deco Year
1935 3.1.93 354 3.59 3.8 405 404 Ak 405 407 418 4.16: 3.83  3.90
1936 3.66 3.6 355 3.5 3% 3.5 3.75 375 3.5 3.73 3,76 3.80  3.70
1937 3.9 3.1 3.99 405 405 4.03 4\.(:3 4.03 4.3 401 3.84 3.84 3.9
1938 3,82 373 3.67 354 3.60  3.52 3.50 3.32  3.58  3.63  3.55 3.52  3.58
1939 3.38 3,30 3.4 3.50 3,50 3.50  3.50 3,50 4.28 4.8 3.91 3,70 3.66
1940 3.55 3.50  3.50  3.50 3,50 3,50 3.50 3.50  3.50 3.50 3.50 3.53 3,51
D191 3.58 3.62  3.87 405 405 4l 4adS 432 435 435 435 435 410
1942 4ub5 450 4450 4450 4.50 450 4u5G 450 4.50 “4.‘50 2..50‘ 4.50 450
103 450 450 4SO 4SO 4uSO  heSO  4eSO 4SO 4uSO  4uSO 450 4uSO  4.50
5‘191‘.4“ 4.50 “4‘.507 4450 4.510 1.:.56 450 450 ‘4.‘5‘0‘ 4:.50 450 4250 4,50 4450
1945 450 4uSO 4eSO  4uSO  4aSO  4uSO  4a50  4e50  4.50 450 450 4u50 450
1946 4450 450 4u50 4SO 4SO 450 6,90 77T 7.66  7.301/ 6.95 7.08  5.89
1947 6.82 6.82  T.04  7.20  7.20 T8 TS TS 742 7,26 7.2 7.05  7.18
1968 6,91 6u0 6.0 6.0 625 6.5 6.5 631  6u0 640 6.40  6.40 €.32
1949 6,40 6.40 6,40 6,50 6.50 6,50 6,50 6,50  6.50 6,70 6,70 6,70 6,53
1950  6.70 6,82 6,40  6.35 635 6,35 6,46 6.87 6,90 6,90 6,9 6.9 & ,66

1/ Paper bag base from October 1946 to date.

Source: Corn Products Refining Co. reports to Sugar Branch, m.‘

- 092 -



, f!.‘ablp 64.--Corn Sirup, Umixod, l..3° Be: Average wholesalo price per cwt., in barrels, carload lots,

New Yark, gross by months, 1935-50

6,62

- \(Dolhrs) )
Year Jan, ” Feb, _l_gﬁh Ap_z;il lay Jg.g “ M m _Sept, Oct, l_Igy_, Dec, _ Year
1935 364 3.64 .60   3.65  3.68  3.68 3.8 368 3.6 3.68 347 323 3.61
1936 3.3 304 3.20 3.2 330 3.30 353 404 405 392 3.90 3.0 355
1997 3.86 3.8 3.8 435 4ul 4l 430 386 386 37 330 302 3.90
1938 3.8 3.1 3.09 307 309 3.7 3.8 3.05 3.0 2.98 3.03 3.3 3.1 3
1939 3.7 3.09  3.07  3.09 3.2 3.2 3.05 3.03  3.26 3.04 2.9 3.0 3.08
290 301 3.06 3.3 326 327 331 334 341 3.5 3.k 3wl 36 330
91 346 341 3u6 351 351 3.2 361 361 361 3.61 3.61 3.6l 3.5
11942 364 371 375 3.8 384 37T 3.4 3 34 374 34 3 3.5
103 34 374 3% 304 33 33 303 33 303 33 33 33 3.
1944 3.3 373 3.1 3.73 305 421 42T 421 42T 42T A2T b2l 405
CA045 A2T 42T 42T 42T 42T 42T 42T 42T 42T 42T 42T 42T 42T
1946 427 427 b2T 42T W21 42T 611 655 6uk  6.00 499 483 5.04
QAT 485 493 551 5.85 5.8 654 679 721 Tk 725 T8 T8 60
198 7.33 7.06 694 694 6.9 ‘7.‘00?‘ ”7.ocj 6.89  6.59 6.2§ 5.?97 596 6.75
1909 6.08 591 5.8 5.8 5.9 600 6.04 604 602 5.98 5.9 6.2 591
1950 602 6.02 6,02 6.3 617 632 6uB 657 660 6.3 684 637

Y Snbjoct to 2 percent discount, net cash, 10 days.
Sonrces Corn Products R.ofining Go. reports to BAE, conputed Sugar Branch, PM4 .

- Wz -



mh 65.«-&' carn qm p.r bnml to m. nmm, by lontha, 1935—1.9 y
| (eentu per bushel)

R

1935

1937

1939

1540

s
10
194

1945
1946
1947
1948
1949

29.79
| ‘6;,@ |

2.30
29.37
30.48
3489

63.61
64..36
66406
50.15
155.84
32

075

XN
2.9

68,86

25.48
: ”26.‘17

26.66
30.03

36.94
39.89
53,33
| 64.01
64,66
67,56

- 59.49
129.26

65.83

32.35

40.52
38.73

‘ 57313

| 64;9‘1

6451

70.36

029‘

137 27

77.07 ‘

4 6.1
38,83
| 192‘468.\
3160

26,45

136,87

an
7\43‘.11 \

5943

65,01

70.56

Tl lug.

32.22

28 .Q9 ‘
43.39
41.91 |

4649
62.33

64.91
66,11

&6.24

86,86 103 -J.D

134.61 1‘20.70‘

78,64

53.19

3‘8.82‘ :

6.10

3145
33.66

b ol

41,29
446
62,43

64.91

57,10

51,13

84.01
32.04
27.41

4433
37,98
551
62.83

6491
67.51

51,38
70,66
72.81
27.70
%38

hAT4

38.00
62.83

43 .26

62.83‘ !

64.91

67.61 :
91.52 147.25 120.81 127

132.66 135.88 151,25

120,86 119.51 113.62

‘81.1;4 & .‘21‘ 67,88

5‘079‘
70.40

‘ 78‘.‘42

26.21
42.21

64.‘91
67.61

28013 ‘

50.93

.04
39.17
2135

21.36
40.54

29.82
61.09

63.76

67.91

127.76 110.28

‘ 29036
68.01
25.83

23.31

EX )
38,25

33 -24

37.03

55.83

58.86
66,41
55,16
156,33 143.90 139.33
103.45 7T2.60 61.52

72.35 60.88 64.64

25.50

2777

‘27.92
29.07

3216
37.04
5.7
2m
63.66
67.61

47.97
148,68

7131
7499

‘ ‘ sz
o091
mas
26,53
38,26
32
AR

-2%2 -

59.62
64.05 ‘ ‘1

66.39
usm
mLsg

73.50‘

oty Market price or No. 3 Iellow Om-n, Gh;laagc hae proceods for Gcmx 011 and Gluton feed per bushal
cm‘n. '

- Source:

Computed Sngar Branch, PMA,



Tt‘bla 66.-Oorn, FNo. 3 yollol, weightod average mrket price per bushel, ch:lcago, by montha ’ 1935-49
‘ ‘ (cents per bushel) :
Calendar Year Bagis

m\t.‘ !

,!__ur,&g_. Fob, Narch_ Rpril & Jone _ kY “Eug, s_e_gt v Tee. Year
1935  90.8 &1.7 8.3 8.0 2.6 851 848 806 B2 @0 621 50.0 813
19%  60.8 613 60.8  63.2  63.2 640 §5.6 13.5 1121 1066 1047 107.2 83.6
D197 122 12 16,0 135.0 1349 1224 1184 1045 1059 6.1 53.4 56.1 103.0
198 59.3 569 519  58.6 ST S0 S8 53.6 527 Ak 460 510 545
| 1939‘f511.5‘ ABJL 415 48T ‘]‘511.2‘ 512 48.0  45.0 540 48.3 49.7 56.3 50.0
140 585 ST 519 @5 686 658 65.3 660 645  6h3 645 6L5  €3.1
V6 3.6 @0 6.6 G0 LT BI BI ™S T 695 0.0 759 0.4
942 818 BL9  BLT B3 853 845 8.0 & 81 I3 8.5 894 8.3
100 9.5 970 1008 1.0 1060 1060 1065 1065 1065 1065 1065 113.4 1046
194 1142 146 15.5 115.5 1155 115.5 115.5 115.5 115.5 1142 109.3 1L4.1 1146
1945 148 5.0 149 154 1165 117.9  117.9 180 118.0 118.3 116.8 118.0 1;6.:3
1046 165 1180 120.8 1210 A8 1528 2167 1981 189.4 18L9 1392 140 1523
7 2 WL B M2 1.9 2007 26,9 246 13 U3 A2 6Ll 205.0
48 2711 253 230.1 2318 230.6 216 213.6 1951 180.8 L7.0 181 L2.4 203.1
069 U2 127 137 L7.0 158 B3 L2 1o BL2 152 3157 129.6 131.2
smn ‘ 'BAE Foed Statistics and The Feed Situation,

-gyz -
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_ Table 67.--Carn sirup solids: Prices per hundredweight, carloads,
co o Chicago and New York, 1947-50

Chicago New York
{dollars) (dollars)

Y

Jamary ....‘;‘...........'l...... 6.23 6.86
Februalvy es00c00000scsesstencorens 60 4 6.99
hrCh ..l'..l......OV..'COCOIOKIOO. 6.68 - 7033
Amil BS000 0090000000000 000006000s00 6.68 7.33
Hay (AR E R EESE R NN ENNNE N ENENNENNNNENENN] 6.68 7.33
Jum e0P00v0eIIORIIOGIOGIOROCERIOOIOROIGETOITOITOLTTS 6.92 . 7.34
Ju]-y 090000000000 COIIROIIORIOIOIOIOIREROETBROTS 7.20 7.67
August (A B E R EEEERE SN ENENNNENNEENERNEXNRN) 7.76 8.38
Sep‘belber ®0000csecesve0esesRORLIOLS 8026 8045
mtober 00 s000000000sss0000000ccos 8038 7.96
NOVOMbOr 0000 s00s0rerrseserenoee an 7.96
mcemhr OO OB POPBOLIOSTOSIOESIOSIOIOSESIOSEPEOSEDN 8.21 7.96

1947 average seeibsrcacssesnse 7.31 7.63

3948

Jamz'y te0s00eoncsessnsteRsR OO 8.01 7.82
F‘bmry ©0800000000000 0000000000 7.59 7039
larCh @000 00000cc00s00000000 000000 7.10»5 7031
April PSP OOOIBSNLSSLLIEINOENDOOOOOESIAEBDREOES 7.36 7.31
: H&y 6B 800006000000 CRSIRISIIOINRENOIOREOCEEOETSTES 7033 7.22
Jum OB O P BB OOOOS OO NSNS OOSELIOINOIESIOSEOSESIDPTES 7.22 7.08
Ju]y PO O PSSO OCOOPOGEOIOSOINOEOIEDPOIOSOETDTOIOEBDBOSOENDS 7.22 7‘08
Awt 900 0060000068000 0NGsORIOBOLOILILEEES 7.45 7025
september P00 00PN IPOOSININOIOEOPEINOOIPOSEPOSITOGTES 7.69 7.40
&tober P9 00 00RNPOGITOIOIRSIPOEINOEIOIRTOIOODS 7.69 7.4»0
Nomber P08 6000000t sNcseResRORe e 6.40 6.98
December evseessnvsesssesesessee P 6021 6093

a'.r 0080 OGSO ORNOENNSIOTOEDNOSDS 7.30 7.26
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Teble 67.--Corn sirup solidss Priceas per hundredweight, carloads,
Chicago and New York, 1947-50 (contd.)

Chiecago New York
(dollars) (dollars

1249

J‘m ess000000VeRsOOIPOIOIOGOIOIOIIITOTS 6030 7605
F’mry Gesessseasssscscscsssses 6.12 65

MAreh cccececcceccesccccoscssscne 6:05 6.81
April 0e0ccvcceccesvesensnecsocse 6;05 6.81
lay ®6ces00s00esorecec0cR0cvececs e 6.16 6.92
JUNE seevccececcscsccncarscncssnss 6.20 6.96
J‘llly 0000000 ce0ceresesPOtonRO e 6020 ' 6.96
Luguﬂt e000ccse00s00tuccrssORNRee 6.20 6.96
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